Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


r 


H.   S.    Jeiratt  H.   B. 


h 


*m  • 


*s^»i^•  -^ 


X 


L 


4*-^ 


J> 


N, 


^     .JSjX    VV^.1i 


ilateii  from  ths  fourth  yolume  0\ 

lmtSeb] 

tXaitw^  Chimie  rrrnfrwiiiiMjii 


I 

WITH   ADDITIONS, 


COMPRSBKNOIHO 


LATEST  DISCOVERIES  AND  IMPROVEMENTS  IN 
TmS  BRANCH  OF  THE  SCIENCE. 

WJTff  PtATES. 


Br  JOHN  GEORGE  CHILDREN, 


F.  R.  s.  L.  $;  E.  f;  A.  s.  &c.  &c. 


:cv:.'ra: 


LONDON : 

rRIMTED  AND  SOLD  BT  W.  PHII.UP8,  SEORGK  TAED, 

I.0MB1RD  STREET. 


1819. 


^mmta^e^m.^  ■«>• 


:? 


«* 


*  ¥■ 


.••■'  -  rf 


t  ■ 


TO 


CHARLES  HATCHETT,  Es<j.  P.R.S. 


&c«  &c.  &c. 


Whose  judgement  in  their  guidance^  has  given 
to  high  talents^  a  direction  as  useful^  as  their 

possession  is  honourable^  and  to  whose  friend* 
ship  I  am  proud  to  owe  many  kind  services^ 
I  dedicate  this  Volume,  a  sincere,  however 
inadequate,  token  of  my  respect,  and  my 
esteem. 


JOHN  GEORGE  CHILDREN. 


British  Museum, 

May  m,hy  1819. 


a 


.  < 


t^ 


PREFACE. 


ON  reading  the  iburth  volume  of  M.  Thenard  s 
^  Traits  de  Chim^y  6l6mentairey  thSorique  etpratiqucy^ 
which  treats  exclusiveljr  6f  chemical  analysiGr,  and  in 
a  manner  much  more  satisfactory  and  complete  than 
any  other  work  I  bad  before  met  with,  it  struck  me 
that  if  translated  into  our  language^  it  could  not  fail 
to  be  of  great  utility  to  the  English  Chemist.  Cir- 
cumstances prevented  my  undertaking  the  task  so  soon 
as  I  had  intended,  and  in  the  mean  time,  a  translation 
was  published  by  Mr.  Merrick.  As  a  second  editioni 
of  the  Traite,  however,  soon  after  appeared,  I  was 
encouraged  to  proceed,  and  I  now  present  the  follow- 
ing pages  to  the  public. 

A  faithful  translation  of  this  part  of  M.  Thenard^i 
treatise,  being  already  before  the  world,  some  apologjr 
may  seem  necessary,  for  pressing  another  on  its  atten- 
tion.  The  important  additions  made  by  my  author 
to  his  second  edition,  is  the  first  I  hfive  to  oiSTer,  and 
next,  those  I  have  taken  the  liberty  of  inserting 
myself*    The  reader  who  compares  the  present  volume 
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with  the  original,  will  find  it  considerably  altered,     I 
have  endeavoured  to  omit  nothing  bearing  on  the 
immediate  subject,  and  possessed  of  sufficient  import* 
ance  to  claim  a  place,  that  has  occurred  in  the  science, 
since  M.  Thenafd's  wo^k  was  published : — the  new 
metal  Cadmium,   discovered  by  M.  Stromejer,   the 
additional  researches  on  Selenium,  by  M.  Berzelius^ 
and  those  on  oxygenated  water,  by  M.  Thenard,  may 
be  enumerated  amongst  the  most  interesting,    In  some 
cases,  as  in  the  analysis  of  mineral  waters,  and  of 
vegetable  and  animal  substances,  I  have  considerably 
enlarged  on  the  original  matter  of  my  author,  espe<« 
cially  in  the  latter^  in  which,  all  that  relates  to  the 
proximate  principles  is  stdded  in  the  present  yolume. 
The  tables  also,  will,  I  hope,  be  foupd  useful  additions, 
'  as  well  as  the  different  subjects  treated  of  in  the  ap-e 
pendix.     In  respect  to  the  proximate  principles  of 
vegetable  and  animal  bodies,  and  in  other  instances, 
I  have  derived  great  assistance  from  the  three  first 
volumes  of  the  Traite,  and  from  Dr.  Thomson's  System 
pf  Chemistry.   From  the  Manual  of  Chemistry,  recent- 
ly published  by  my  friend  Mr.  Brande,  several  cor- 
"  rections  have  been  introduced  in  the  numbers  stated 
in  the  tables  of  chemical  equivalents,  and  on  the  sub-, 
ject  of  the  analysis  of  mineral  waters,  I  have  availed 
myself  of  the  valuable  observations  of  Dr.  Murray, 
from  his  papers   in  the  Transactions  of  the  Royal 
Society  of  Edinburgh.     To  Dr.  Henry's  Elements,  I 
am  indebted  for  sonie  of  the  tables  inserted  in  the 
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a|>{iendix;  nor  muat.  I  omit  to  acknowledge!,  mj  oblif 
^tions  to  Mr.  Bingley^  well  known  .as  one  of  the 
most  able  and  accurate  assay  masters  ia  Europe^  whose 
kindness  in  revising  the  fifth  diyision  of  the  third 
chapter,  w|iich  treats  on  Oupellation,  stanlps  no  small 
value  on  that  portion  of  thei  work;  and  to  the  friend- 
ship of  Mr.  Richard  Phillips,  I  owe  th6 ^permission  to 
insert  his  admirable  analysis  of  the  Bath  water.  I  had 
intended  carefully  to  have  marked  every  ..quotation  I 
have  adopted,  but  I  found  the  references  would  be  so 
numerous,  that  I  determined  to  omit  the  greater  part^ 
and  to  acknowledge  my  obligations  to  the  several 
authorities  from  whence  they  are  taken,  in  this  general 
tnanner,  rather  than-  weary  the  eye  of  the  reader,  by 
obliging  him  to  turn  it  continually  from  the  text  to 
the  margin^  without  an  adequate  recompense  for  bi^ 
trouble.  Where  the  quotations  are  long  or  import 
tant,  the  authorities  are  mentioned^  Had  I  the  leisure 
I  once  enjoyed^  I  might  perhaps  have  avoided  some 
errors,  which  I  am  conscious  exist,  though  I  hope  they 
are  not  numerous^  or  seriousi  Should  a  second  edition 
be  hereafter  called  for,  I  shall  lise  every  endeavour  to 
correct  jthem. 

In  regard  to  nomenclature,  I  have  for  the  most 
part  adopted  that  of  my  author,  and  conceiving  the 
accuracy  of  Sir  Humphry  Davy's  views  of  chlorine 
and  its  compounds,  to  be  sufficiently  established,  I 
have  not  hesitated  to  change  with  Thenard,  Muriatic 
And^  and  the  Muriates^  into  Hydrochloric  Acid^  and 


Ui/drochlorates,  or  Chlorides^  as  the  case  required. 
I  am  aware  of  tbe  dan^er^  I  might  i^ay  folly,  of  a 
passion  for  neology,  and  I  disavow  it;  but  some 
^reformation  in  chemical  l^guage  is  imperiously 
called  for,  and  we  may  hope  the  day  is  not  far  distant^ 
w^en  our  knowledge  will  admit  of  the  formation  of  a 
scientific  nomenclature  that  shall  be  pure,  permanent, 
and  universal.  Adopting  the  term  Potassa  iot Potash^ 
and  in  general,  the  terminations  in  a  to  express  the 
oxides  of  the  metals  of  the  first  and  second  sections, 
(see  note,  p.  60.)  I  have  taken  the  liberty  to  alter 
Baryta  into  Barya^  and  Strontites  into  Stroniia^  as 
I  can  conceive  no  etymological  process,  by  which 
they  can  respectively  be  derived  from  Baryum  and 
Strontium^  the  names  assigned  to  their  bases. 

The  importance  of  chemical  analysis  needs  no  proof; 
it  is  the  '^  mirror  held  up  to  nature,'^  which  shews  the 
order  and  regularity  that  prevail  in  her  minutest  Ope* 
rations,  as  astronomy  demonstrates  their  influence, 
in  her  most  stupendous ;  it'  is  the  only  basis  on  which 
chemistry  can  be  raised  to  the  dignity  of  a  science ;  or, 
to  sum  up  all  in  a  word,  it  is  the  foundation  and  the 
force  on  which  the  atomic  theory  has  beeti  established, 
an4  by  which  it  must  be  supported. 
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AK  ESSAY 


ON 


CHEMICAL  ANALYSIS. 


INTRODUCTION.  . 

IF  in  iravelling  through  a  country^  we  pay  atten- 
tion to  the  soils  and  rocks  that  occur  on  the  way,  we 
canndt  fail  to  be  struck  with  the  differences  they 
exhibit^  and  when  the  substances  which  the  miner  lays 
before  us  are  examined,  t)ieir  almost  endless  yarieity 
of  colour,  hardness,  density,  and  crystalline  form,  s|ill 
more  strongly  excites  our  admiration.  ^    . 

'  Ifone  class  of  bodies  thus  awaken  our  curiosity,  it 
must  be  increased  when  we  find  that  not  only  minerals, 
but  liquids,  and  even  aeriform  substances,  are  fkr 
from  being  uniform  in  their  characters  and  properties. 
Organized  matter  constitutes  a  third  division,  dis- 
similar  from  both.the  former,  and  the  productions  of 
art  increase  the  catalogue  almost  ad  infinitum.  It  is 
to  chi»mistry  thai  we  must  look  fot  the  means  of  satis- 
fying the  tncfttiries  that  natoi^^v  arise  coneeming 
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theiD,  and  especially  to  that  branch  of  it,  which  teaches 
us  by  what  processes  we  may  determine  the  nature 
and  proportions  of  the  elements  of  the  various  com- 
pounds,  which  come  before  us;  and  these  processes 
conjstitute  chemical  analysis,  properly  so  called.  . 

This  branch  of  the  science,  almost  unknown  sixtj 
years  ago,  has,  during  that  period,  and  particuliirly  in 
the  last  thirty  years,  made  great  advances,  from  the 
improvements  in  our  instruments,  and  the  address 
with  which  they  have  been  applied,  the  purity  of  the 
re-agents,  the  laws  which  have  been  gradually  un- 
folded^ and  that  accuracy,  of  whidi  Lavoisier  first  set 
the  example,  which  has  since  prevailed  in  chemical 
manipulation. 

Heretofore,  after  the  constituent  principles,  of  a. 
body  were  known,  their  proportions  were   seldom 
ascertained  to  a  tenth  part;  but  now^  the  error  rarely 
exceeds  a  few  hundredths^  except  in  cases  where  the 
principles  are  very  numerous. 

A  general  knowledge  of  the  properties  of  bodies 
would  seem,  at  first  view,  suflScient  to  enable  any  one 
to  make  an  analysis,  yet  the  inexperienced  would  find 
himself  much  at  a  loss,  even  in  the  examination  of  a 
substance  containing  few  elements.  To  what  tests  tp 
submit  it,  how  to  ascertain  the  diflBsrent  bodies  it 
contains,  and  when  ascertained,  how  to  separate  them  ' 
and  find  tlie  quantity  of  each,  are  so  many  questions, 
the  solution  of  which  cannot  be  got  at  without  ia- 
struction  in  the  methods  to  be  adopted.    Jt  is  evident 
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how  valuable  a  treatise  must  b^,  in  which  these  are 
ablj  and  accurately  described.  But  the  undertaking 
is  one  of  great  difficultj;  the  attempt,  however,  maj 
be  useful,  though  the  execution  be  imperfect. 

I  shall  divide  this  essay  into  seven  chapters — the 
first  will  treat  of  the  manipulations  common  to  a  gfeat 
number  of  analyses — the  second,  of  the  analysis  of 
gases — the  third,  df  combustible  bodies — the  fourth, 
of  oxides  and  acids — ^the  fifth,  of  salts— >the  sixth,  of 
mineral  waters — and  the  seventh,  of  vegetable  and 
animal  substances. 
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i)/  ike  manipulations  generally  necessdry  in  Chemical 

Analysis^ 
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H£RE  are  certain  operations  that  continually 
occur,  which  I  shall  describe  once  for  all,  to  avoid 
unnecessary  repetitions. 

^  1.  Before  a  solid  body  is  submitted  to  analysis, 
it  must  he  reduced  to  small  fragments,  and  often  to 
an  impalpable  powder.  This  operation  is  performed 
by  means ,  of  instruments  harder  than  the  substances 
themselves  so  as  not  to  be  abraded  by  them,  as  files 
and  mortars  of  Wedgewood^s  w^re,  iron,  agate,  &c. 
If  the  substance  notwithstanding  abrade  the  instru- 
ment used,  the  quantity  so  worn  off  must  be  ascer- 
tained, and  account  kept  of  it. 

§  2.  A  certain  quantity  of  the  substance,  100  grains 
for  instance,  is  next  to*  he  weighed  in  a  very  accurate 
balance,  which  should  be  sensible  to  the  fiftieth  of  a 
grain,  when  loaded  with  500  grains  on  each  side. 
(Appendix  A.) 

§  3.  The  weighed  portion  is  then  to  be  submitted  to 
the  action- of  substances  capable  of  effecting  its  total  or 
partial  solution^  after  which,  different  re-agents  must 
be  added,  to  precipitate  successively,  as  far  as  possible, 
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the  various  matters  it  contains,.  A  large  excess  of 
precipitant  should  be  used,  provided  it  do  not  re-c 
solve  a  sensible  quantity  of  the  precipitate.  Th 
to  obtain  the  oxide  of  copper,  from  a  .solution  of 
sulphate  of  that  metal,  more  of  the  solution  of  pota 
than  is  necessary  merely  to  saturate  the  acid,  must 
poured  in;  otherwise,  a  portion  of  the  latter  woi 
remain  united  to  the  oxide^  and  the  precipitate  woi 
be  a  sub-sulphate,  or  a  mixture  of  oxide  and  si 
sulphate. 

§  4.     The  precipitate  must  be  washed,  either 
decanting  by  means  of  a  syphon  or  sniiall  tube,    or 
the  filter,  till  the  washings,'  which  must  be  added 
the  original  solution,  cease  to  carry  off  any  raat< 
foreign  to  the  precipitate;  thus,  if  sulphuric  acid  fa 
been  poured  into  a  solution  of  nitrate  of  barya, 
order   to  separate  this  base,   the   insoluble  sulpha 
mast  be  washed  till  the  fluid  which  passes  throuj 
the  filter  is  no  longer  rendered  turbid  by  nitrate 
barya. 

^  5.  The  precipitate  is  next  to  be  dried  by  exp< 
sure  at  first  to  a  gentle  heat,  and  when  sufficient 
deprived  of  moisture  to  fall  to  powder,  to  a  red  h« 
in  a  crucible,  and  weighed  while  warm.  If  a  red  hej 
decompose  it,  it  must  be  dried  by  steam  on  the  filte 
if  one  has  been  employed,  or  otherwise  in  a  glass  c 
Wedgewood  basin,  stirring  it  from  time  to  time;  or  ; 
may  be  placed  in  a  vacuum  by  the  side  of  a  capsuh 
contaiiiing  strong  sulphuric  acid,  or  frag^ients  c 
chloride  of  calcium  (muriate  of  lime)  recently  fused 
If  the  precipitate  has  been  collected  on  a  filter,  and  b 
not  decomposable  by  a  high  temperature,  nor  liabl 
to  be  affected  by  the  matter  of  the  filter,  expose  th 
whole  at  once  to  a  red  heat;  the  filter  will  be  con 
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sumed,  and  the  precipitate  alone  i^emain  in  tlie 
crucible;  but  if  the  charcoal  of  the  filter  would  pro- 
bably reduce  the  precipitate,  as  is  the  case  with  those 
oxides  whose  bases  have  not  a  strong  attraction  f6r 
oxygen,  first  reduce  it  to  as  complete  a  state  of  dryness 
as  can  be  done  without  scorching  the  filter,  and  ascer- 
tain its  weight,  next  detach  a  portion,  weigh  it,  heat 
it  to  redness  in  a  crucible,  and  weigh  it  agaih.  As 
the  weight  of  the  portion  detached  is  to  that  of  the 
whole  quantity,  so  is  the  loss  of  weight  it  experienced 
by  a  red  heat,  to  that  which  the  whole  would  have 
sustained,     (Appendix  B.) 

§  6.  In  evaporating  solutions  to  dryness,  care 
must  be  taken,  as  soon  as  the  matter  begins  to  thicken, 
that  none  be  spirted  out  of*  the  capsule,  which  is 
effected  by  continually  stirring  the  mixture,  and  a 
due  regulation  of  the  heat. 

^  T.  If  the  subject  of  the  analysis  be  liquid,  the 
same  operations,  except  the  first, ^are  to  be  performed* 

§  8.  The  analysis  of  gases  requires  some  mani- 
pulations peculiar  to  elastic  fluids.  As  the  weight  of 
these  bodies  is  generally  estimated  by  their  volume 
(their  specific  gravity  being  known)  we  must  con- 
stantly keep  account  of  the  pressure  to  which  they 
are  submitted,  of  their  temperature,  and  even,  when 
in  contact  with  water,  of  their  hygrometrical  state, 
their  volumes  being  affected  by  every  change  in  these 
influences;  and  they  must  be  measured  also  with 
extreme  care.  For  this  purpose  we  may  use  a  gra- 
duated tube  of  the  capacity  of  one  cubic  inch,  divided 
into  a  hundred  equal  parts.  The  tube  is  to  be  filled 
with  water  or  mercury,  taking  care  that  no  portion  of 
air  remains  attached  to  the  sides  of  it ;  then  holding  it 
with  one  hand,  the  open  extremity  being  immersed  in 
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the  fluid,  the  gas  is  passed  up  into  it,  by  means  o: 
small  funnel,  supported  bj  the  hand  which  holds  i 
tube;  with  the  other,  bringing  the  jar  containing^  i 
gas  (whose  mouth,  like  that  of  the  tube^,  is  imineri! 
in  the  fluid)  by  degrees  under  the  funnel,  and  geni 
inclining  it.  When  the  tube  contains  the  requisi 
quantity  of  gas,  another  jar  is  to  be  immersed  in  i 
bath  in  which  the  operation  is  performed,  and  wh< 
sufficiently  full  of  mercury  or  water,  the  tube  receive 
into  it,  and  the  whole  removed.  Lastly,  holding  tl 
tube  with  pincers,  in  order  not  to  heat  it,  let  it  ba^ 
time  to  acquire  the  temperature  of  the  atmosphen 
after  which,  making  the  exterior  and  interior  sur&ci 
equal  by  raising  or  depressing  the  tube,  so  that  tl 
liquid  it  contains  may  be  at  the  samehmght  as  that  i 
which  it  is  immersed,  read  off  on  the  divisions  < 
the  tube  the  quantity  of  gas  it  contains,  and  imm< 
diately  note  down  the'temperature  and  pressure,  i 
order  to  take  account  of  theip^  should  they  vary  i 
the  course  of  the  operation  (a).  Instead  of  removiuj 
the  tube  into  a  separate  vessel,  it  is  more  convenien 


(a)  It  has  been  proved  by  M.  M.  Gay  Lussac  and  Dalton,  that  a) 
gases  expand  equally  by  equal  increments  of  heat,  that  their  expansioi 
it  uniform,  and  amounts,  for  every  degree  of  temperature  to  jjT^h  o 
their  volume  at  32*  Fahrenheit,  and  under  the  pressure  of  the  atmoS' 
phere. 

Gases  are  compressible ;  this  was  long  ago  proved  by  Boyle  anc 
Mariotte,  and  they  established  the  law  that  their  volumes  are  inverse!) 
as  the  pressure.  When  we  measure  a  gas,  therefore,  it  is  necessary  tfl 
bring  the  surface  of  the  liquid  in  the  inside  of  the  tube  contaioing  the 
gas,  to  the  same  level  as  that  of  the  liquid  in  which  the  tube  is  immersed, 
by  raising  or  depressing  the  tube;  or  if  that  be  impracticable,  the 
difference  must  be  ascertained  and  allowed  for ;  for  if  the  surfaces  of 
the  liquid  in  the  tube  and  in  the  basin  be  equal,  the  gas  is  pressed  by 
the  whole  weight  of  the  atmosphere;  if  the  interior  level  be  higher  tha& 
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to  have  a  cylindrical  hole  or  cistern,  of  sufficient 
depth  at  one  end  of  the  mercuria}  trough,  in  which 
it  may  be  depressed  so  as  to  bring  the  two  surfaces  to 
the  same  level,  and  the  divisions  may  then  be  read  off 
through  a  small  plate  of  glass  let  into  one  of  the  sides 
of  the  trough. 


the  exterior,  it  is  pressed  by  the  weight  of  the  atmosphere,  minus  the 
weight  required  to  support  a  column  of  the  liquid  equal  to  that  in  the 
tube  above  the  external  level ;  if  the  interior  level  be  lower  than  the 
exterior,  the  gas  is  pressed  by  the  weight  of  the  atmosphere  plus  that 
of  the  column  of  liquid  equal  to  the  difference  between  the  two  levels. 
The  weight  and  temperature  of  the  atmosphere  is  continually  varying : 
we  must  therefore  assume  a  standard  for  each,  and  reduce  all  the 
quantities  to  those  standards  by  calculation.  In  this  country  the 
barometrical  pressure  is  usually  auumed  at  SO  inches,  and  the  tempera- 
ture at  60o  Fahrenheit'. 

Suppose  75  cubic  inches  of  a  gas  to  be  confined  in  a  tube  by  a  cdlumn 
of  mercury,  6  inches  above  the  level  of  the  mercury  on  the  outude  of 
the  tube ;  the  barometer  standing  at  2§  inches  and  the  thermometer 
at  SSo,  To  reduce  its  quantity  to  the  real  bulk  at  the  standard  pressure 
and  temperatuie,  we  must  make  the  following  corrections. 

First  to  correct  the  inequalities  of  the  interior  and  exterior  level  of 
the  mercury ; 

As  30  :  30  — 6  (=  24)  : :  7,& :  6. 

Next  for  Pressure,  as  30  :  29  : :  6  :  5>  8. 

Lastly  for  Temperature,  ^^  =  .6l208  X  25  =  .302 ; 
and  5.08  4-  .302  «  6.102  »,  the  bulk. at  the  assumed 
ftimdard. 
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CHAPTER  II. 

Of  the  analysis  of  Gases. 

§  9.  The  number  of  gases  at  the  freezing  point  of 
water  is  twenty-eight,  namely,  oxygen,  hydrogen, 
hydruret  and  bihydruret  of  phosphorus,  (a),  arsenu- 
retted  hydrogen,  telluretted  hydrogen,  potassuretted 
hydrogen,  selenuretted  hydrogen,  hydruret  and  bihy- 
druret of  carbon,  carbonic  oxide,  hydruretted  carbonic 
oxide,  carburetted  azote,  or  cyanogen,  chlorine, 
oxide  (6),  and  deutoxide  of  chlorine,  azote,  oxide  and 
deutoxide  of  azote,  carbonic,  chlorocarbonic,  sulphu- 
rous, fluoboric,  fluosilicic,  hydrochloric,  hydriodic 
acids,  sulphuretted  hydrogen  (c),  and  ammonia. 

Let  us  first  detail  their  most  obvious  properties. 


{a)  M.  Thenard  calls  these  gases  ftrotofJntphwreiUi  and  perphf^phuretted 
hydrogen,  and  in  like  manner,  he  denominates  the  compounds  of  carbon 
and  hydrogen,  proto  and  percarburetted  hydrogen  gases.  Dr.  Thomson 
suggests  that  the  terms  hydroguret  and  bihydroguret  of  carbon  would 
be  more  proper,  since  the  carbon  is  the  constant  quantity  r  the  same 
applies  to  the  compounds  of  hydrdgen  with  phosphorus.  From  th* 
etymology  of  hydrogen  {y^u^  yiytofxat)  it  is  not  very  easy  to  adopt 
any  term  which  may  express  its  simple  combinations,  without  necessarily 
implying  the  presence  of  waten  As  a  distinction,  and  to  shorten  the 
word,  I  have  ventured  to  drop  the  two  middle  letters,  and  to  use  the 
term  hydruret  to  denote  a  combination  of  the  base  of  water,  with  an- 
other imdecompounded  substance. 

(b)  For  brevity's  sake  the  first  degree  of  oxidation  is  termed  simply 
oxide, 

(ff)  M.  Thenard  uses  the  term  hydrosulphurh  acid,  for  this  gas.  I  prefer 
the  old  name,  as  lest  likely  to  be  confounded  with  the  common  sulphuric 
acid. 
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§  10.  The  gases  above  enumerated  maj  be  arranged 
under  the  following  heads. 

A.  Colored  Gases. — Chloriney  oxide  and  deutoxide 
of  chlorine,  which  have  both  a  greenish  j'ellow  colour. 
Some  .{»•  ises  are  red,  but  this  tint  is  owing  to  their 
containing  nitrous  vapour 

B.  Gases  which  produce  white  'vapours  in  the  air. — 
Hydrochloric,  fiuoboric,  fluosilicic,  and  hydriodic 
acids. 

C.  Inflammable  Gases. — Flydrogon,  sulphuretted, 
arsenuretted^  teliu retted,  and  potass u retted  hydrogen, 
hydruret  and  bihydruret  of  phosphorus,  hydruret  and 
bibydruret  of  carbon,  carbonic  oxide,  hydruretted  car- 
bonic oxide,  cyanogen,  and  selenuretted  hydrogen. 

D.  Gases  which  re-inflame  an  ignited  taper.  ^- 
Oxygen,  oxide  of  azote,  oxide  and  deutoxide  of 
chlorine. 

E.  Acid  Gases  which  redden  the  ti?icture  of  litmus. 
Sulphurous,  fluoboric,  fluosilicic,  hydriodic,  hydro.- 
chloric,  carbonic  and  chlorocarbonic  acids;  sulphuretr 
ted  and  telluretted  hydrogen,  and  cyanogen,  and  proba^- 
bly  selenuretted  hydrogen;  oxide  of  chlorine  changes 
blue  vegetable  colours  red,  but  afterwards  destroys 
them. 

F.  Inodorous  Gascifj  or  which  have  but  a  faint  odour, 
— Oxyi»en,  azote,  hydrogen,  hydruret  and  bihydruret 
of  carbon,  carbonic  acid  and  oxide  of  azote.  The 
odour  of  most  of  the  others  is  insu])portable  and  often 
character  is  tfc. 

G.  Gases  soluble  in  -}^fh  of  their  volume  of  water. — 
Fluoboric,  fluosilicic,  (this  gas  is  partly  decomposed 
by  water,  and  silica  deposited),  hydrochloric,  hydri- 
odic, and  sulphurous  acids,  and  ammonia. 

H.  Gases  soluble  in  alkaline  solutions. — All  the  acid 
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gases,  also  sulphuretted  and  telluretted  hydrogen,  and 
probably  selenuretted  hydrogen,  chlorine,  oxide  and 
deutoxide  of  chlorine,  cyanogen  and  ammonia,  (a).. 
I.  Alkaline  6a£.*^Ammonia. 


DIVISiaN  I.  . 

To  ascertain  the  Nature  of  any  Gas. 

§  II.  Fill  a  tube  with  the  gas,  and  plunge  alighted 
taper  into  it;  if  it  inflame,  it  is  one  of  the  twelve 
mentioned  above.  (10  C.)  three  of  which  (sulphuretted 
and  telluretted  hydrogen,  and  cyanogen)  are  absorbed 
by  solution  of  potassa,  and  by  that  property  distin^^ 
guished  from  the  others. 

A.  Hydruret  of  Phosphorus  inflames  gpontane* 
ously  and  affords  a  very  acid  product. 
.  B.  Potassuretted  Hydrogen  is  decomposed  by  water 
and  c6nverted  instantly  into  hydrogen  gas  and  alkaii# 
This  experiment  is  easily  made  by  collecting  the  gas 
over  mercury,  and  passing  up  into  the  tube  a  small 
quantity  of  water,  which  will  become  alkaline  (6). 

C.  Arsenuretted  Hydrogen  has  a  nauseous  smell, 
is  insoluble  in  water,  and  forms  a  che^nut  brown 
deposit  of  hydruret  of  arsenic  on  the  sides  of  the  tube 
in  which  it  is  burnt,  and  when  agitated  with  one-fourth 
of  its  volume  of  chlorine,  a  liquor  is  formed,  from 
which  sulphuretted  hydrogen  precipitates  yellow 
flakes. 

D.  Bihydruret  of  Phosphorus  has  a  strong  odour 
of  garlic  or  phosphorus,  and  does  not  inflame  spoil- 


(a)  It  is  oqly  by  its  water  that  the  solutioo  acts  on  ammonia. 
(f)  According  to  M.  Sementini,  hydrogen  gas  surcharged  with  potaS(» 
■ium,  inflames  spontaneously  like  hydruret  of  phosphorus^ 
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taneouslyr  the  product  of  its  combustion  reddens 
tincture  of  litmus,  and  when  agitated  with  an  excess 
of  solution  of  chlorine,  a  liquor  is  >formed,  which,  by 
evaporation,  leaves  a  very  acid,  viscid  residuum. 

E.  Hydrogen  Gas  has  no  smell,  or  only  a  very  faint 
one,  and  absorbs  half  its  volume  of  oxygen  gas.  .  This 
18  easily  ascertained  by  introducing  a  hundred  parts 
of  the  gas  with  an  equal  quantity  of  oxygen,  into  an 
eudiometer,  passing  an  electrical  spark  through  the 
mixture,  and  observing  if  the  absorption  has  amounted 
to  150  parts  (a). 

F.  Carbonic  Oacide  has  a  faint  odour,  absorbs  half 
its  volume  of  oxygen,  and  gives  a  volume  of  carbonic 
acid  gas  equal  to  its  own,  which  may  be  ascertained 
in  a  manner  similar  to  that  just  mentioned,  by  intro- 
ducing 100  parts  of  carbonic  oxide  with  60  of  oxygen 
into  the  eudiometer  over  mercury,  passing  an  electrical 
spark  through  the  mixture,  measuring  the  residuum, 
and  placing  it  in  contact  with  a  solution  of  potassa,  to 
determine  the  quantify  of  carbonic  acid  and  that  of 
the  oxygen  in  excess. 

G.  Hydruret  of  Carbon  or  Olefiant  Gas  has  neither 
taste  nor  smell,  burns  with  great  splendour,  and 
detonates  very  loudly  with  oxygen ;  it  requires  three 
times  its  volume  of  that  gas  for  its  complete  combus* 
tion,  and  forms  twice  its  volume  of  carbonic  acid,  the 
only  other  product  being  water;  when  mixed  with 
about  a  volume  and  a  half  of  chlorine  over  water,  the 
mixture  is  gradually  absorbed,  and  drops  of  an  appa« 
*         ■  I  ■     III  I  I     , II I      ,1. 1 II  ,1 

(a)  It  is  necessary  not  to  use  too  large  a  quantity  of  the  gases,  and 
that  the  tube  in  which  they  are  detonated  be  very  strong,  otherwise 
serious  accidents  may  happen  from  the  bursting  of  the  eudiometer^ 
One-fourth  of  a  cubic  inch  of  hydrogen  and  as  much  oxygen  is  sufficientt 
and  more  might  be  dangerous. 
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rently  oleaginous  fluid  iare  seen  floating  on  the  surface 
of  the  water. 

H.  Bihydruret  of  Carbon  has  but  a  faint  odour,  lOO 
measures  require  for  their  complete  combustion  200 
measures  of  oxjgen,  and  form  100  measures  of  car- 
bonic acid;  the  only  other  product  is  water.     We  are 
indebted  to  the  accuracy  of  Mr.  Faraday^s  observa- 
tions, for  correcting  a  mistake  that  has  hitherto  existed 
respecting  this  gas,  viz.    that  it  is  not  acted  on  by 
chlorine.     Bihjdruret  of  carbon,  as  well  as  olefiant 
gas,  is  decomposed  bj  chlorine.     If  the  gas  obtained 
by  distilling  acetate  of  potassa,  or  coal,  or  that  from 
the  decomposition  of  alcohol,  be  ihixed  with  about 
twice  its  bulk  of  chlorine,  and  exposed  in  a  dry  close 
vessel  to  the  sun's  rays  when  bright,  in  a  few  moments 
they  combine  with  explosion ;  otherwise  a  different 
action  ensues,  the  vessel  becomes  filled  with  a  cloud, 
which  soon  collects  in  drops  of  the  same  oily  fluid 
that  is  formed  by  adding  olefiant  gas  to  chlorine,  and 
hydrochloric  acid  gas  is  also  produced.     If  the  quan- 
tity of  chlorine  be  not  sufficient  to  combine  with  .all 
the  hydrogen  liberated  by  the  formation  of  the  oily 
fluid,    still  the   bihydruret   is  decomposed,  and   the 
products  are  the  oil,  which  is  the  principal,  and  pure 
hydrogen.     The  sun's  rays  in  London  at  three  o'clock 
in  the  middle  of  November,  were  sufficiently  powerful 
to.  produce  the  eflect  immediately,  and  in   three  or 
four   days,  it  takes   place  even   in  the   ^\iv\i,     (See 
Journal  of  Science,  &c.  vol.  6,  p.  358.)    The  action  of 
chlorine,  therefore,  must  henceforth  be  discarded  as 
one  of  the  tests  to  distinguish  the  hydruret  from  the 
bihydruret  of  carbon,  (a.)     The  greater  brilliancy  of 


(a)  Dr.  Henry,  in  the  last  (8th)  edition  of  his  *^  Elementa  of  Experi- 
meotal  Chemistry,"  mentions  chlorine  in  this  respea.    ^  The  condea- 
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tbe  flBine  of  the  former,  however,  ie  a  strong  mark  of 
distinction  between  them;  but  the  most  certain,  is 
the  difference  of  their  specific  gravities,  and  the  un- 
equal quantities  of  oxygen  they  require  for  coipplete 
combustion. 

I.  Sulphuretted  Hydrogen  has  the  smell  of  rotten 
e^B,   blackens  solutions  sulphur 

when  burnt  in  a  tube,  a  iolution 

ofpotaesa. 

K.  Telluretled  ffydrogei  metbing 

like  that  of  sulphuretted  rbed  by 

solution  of  potassa,  is  so]  lie  solu- 

tion hy  exposure  to  the  a  powder 

of  hydruret  of  tellurium.  _,  ^      ted  with 

solution  of  chlorine  in  excess,  it  forms  a  hydrochlo- 
rate,  which  gives  a  white  precipitate  with  alkaline 
carbonates,  and  a  black  one  with  the  h^drosul- 
phurets. 

ntion  of  percirburetled  hydrogen  by  chlorine,  affords  an  eaiy  way  of 
alimaliig  tkr  quanlUi/  of  the  former,  in  any  mixture  of  i[  wilh  hydrogen, 
%l/  rarburcitid  hgJragcK  and  carbonic  oiide  gases."  (Vol.  I.  p.  ^AO.)  I 
notice  this  pattage,  not  with  a  view  to  detract  from  the  merits  of  that 
excellent  work,  in  which  an  immense  mass  of  informalion  ia  condeiiMd 
into  a  comparatively  imall  compasa,  with  a  clearness  and  precision 
•eldom  equalled,  but  to  demonstrate  by  how  minute  degrees  only, 
chemistry,  a>  well  as  every  other  science,  can  hope  to  attain  perfection, 
tn  the  muliillide  of  objects  it  embrace:,  it  is  impouible  that  any 
chemiat,  however  indefatigable,  ihould  prove  every  fact  hi  has  occaiioa 
to  menliOD  in  a  geoiral  work,  by  his  own  eipetlmenti ;  nor  it  he  could, 
i)  it  likely  ihai  some  things  would  noi  escape  the  keenest  observation. 
He  must  t^ke  much  on  the  authority  of  others,  and  in  s  manual  like 
thii  before  the  reader,  it  i>  particularly  the  case.  I  have  endeavoured  to 
avoid  grou  errors,  but  1  will  not  say  that  i^ome  such  may  not  be  fuund  in 
these  pages,  even  with  all  (be  advaniagea  the  foundalioo  I  build  on 
affords  me.  I  hope,  however,  they  are  few ;  one  thing  I  am  sure  of, 
that  when  candidly  pointed  out,  they  will  be  gratefully  corrected, 
thould  a  Kcond  edition  of  this  nuy  be  hercalier  called  for. 
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L.  Cyanogen  has  a  very  peculiar,  strong  and  dis- 
agreeable odoiir;  tincture  of  litnnis  that  has  been 
reddened  by  it,  resumes  its  blue  colour  on  being  heated, 
and  the  gas,  mixed  with  a  little  carbonic  acid,  is  dis- 
engaged ;  it  is  not  decomposed  by  a  very  high  tempe- 
rature, water  at  common  temperature  and  pressure 
dissolves  4f  times  its  bulk  of  it.  Phosphorus,  sul- 
phur, iodine,  or  hydrogen,  when  heated  in  cyanogen, 
«  exert  no  action  on  it,  but  potassium  combines  with  the 
gas  and  forms  a  yellowish  alkaline  cyanodide,  capable 
of  decomposing  water,  and  forming  hydrocyanate  of 
potassa,  which,  with  solutions  of  peroxide  of  iron^ 
gives  a  precipitate  of  Prussian  blue.  Lastly,  when 
detonated  with  twice  its  volume  of  oxygen,  the  pro- 
ducts are  carbonic  acid  and  azote. 

M.  Selenuretted  Hydrogen. — Of  this  gas  very  little 
is  at  present  known,  except  that  it  resembles  sulphu- 
retted hydrogen  in  its  general  characters;  when  a 
small  bubble  of  it  not  larger  than  a  pea  is  drawn  into 
the  nostrils  it  excites  inflammation  of  the  membrane,^ 
and  symptoms  of  catarrh,  which  do  not  readily  suh^* 
side. 

'  §  IS.  If  the  gas  be  not  inflammable,  but  is  ab- 
sorbed by  a  concentrated  alkaline  solution,  it  must  be 
one  of  the  eleven  following,  viz.:  hydrochloric^ 
hydriodic,  fluoboric,  fluosilicic,  sulphurous,  carbonic, 
chlorocarbonic,  chlorine,  oxide  or  deutoxide  of  chlo- 
rine, or  ammonia:  the  hydrochloric,  hydriodic,. fluo- 
boric, and  fluosilicic  acid  gases,  in  consequence  of 
their  great  attraction  for  water,  produce  white  vapours 
with  the  air,  and  are  by  this  property  distinguished 
from  all  the  rest;  they  are  further  identified  as  follows^ 

A.  Fluosilicic  Acid  Gas, — Water  separates  from  it 
white  flakes  of  hydrate  of  silica. 


US] 
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B.  Hj/driodh  Acid  Gas. — Chlorine  throws  down 
iodine  from  this  gas,  and  turns  it  violet. 

C.  Hydrochloric  Acid  Gas  forms  with  solutions  of 
nitrate  of  silver  a  white  precipitate  of  chloride  of 

^  silver,  which  turns  black  by  exposure  to  light,  is 
insoluble  in  acids,  and  very  soluble  in  ammonia;  and 
when  the  gas  is  combined  with  water  and  heated  in 
contact  with  peroxide  of  manganese,  chlorine  is 
evolved. 

D.  Fluoboric  Gas  is  easily  known  by  occasioning 
denser  vapors  in  the  air  than  the  other  gases  (a)  and 
by  its  blackening  paper  immersed  in  the  vessel  contain- 
ing it.  The  other  gases  are  recognised  with  equal 
facility,  as 

E.  Chlorine  by  its  greenish  yellow  colour,  a  pro- 
perty which  is  only  common  to  it  and  the  oxides  of 
chlorine,  by  its  not  being  altered  by  exposure  to  the 
highest  heat,  by  its  destroying  vegetable  colours,  and 
by  its  immediate  action  on  mercury  at  common  tem- 
peratures.   . 

F.  Oxide  of  Chlorine  is  of  a  greener  yellow  than 
the  preceding,  and  has  the  odour  of  burnt  sugar  mixed 
with  that  of  chlorine ;  it  exerts  no  action  on  mercury 
at  ordinary  temperatures,  but  water  absorbs  eight 
times  its  volume  of  the  gas;  it  is  decomposed  with  ex- 
plosion if  a  red  hot  iron  or  piece  of  ignited  charcoal 
be  introduced  into  the  vessel  containing  it,  five 
volumes  of  the  gas  becomes  six,  after  decomposition^ 
and  consist  of  four  volumes  of  chlorine  and  two  of 
oxygen. 


(a)  However  tmall  a  portion  of  Water  any  gas  may  contain,  a 
•ensible  formation  of  vapour  ensues  on  mixing  it  with  fluoboric  acid  gas; 
hence  it  becomes  a  very  useful  test  to  ascertain  if  a  gas  be  perfectly 
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G.  Deutoxide  of  Chlorine  is  of  a  brighter  yellowish 
green  than  the  oxide,  its  smell  is  peculiar  and  aro- 
matic, without  any  mixture  of  the  odour  of  chlorine. 
Water  absorbs  rather  less  of  this  gas  than  of  the  pre- 
ceding. It  destroys  moist  vegetable  blues,  without 
previously  reddening  them.  It  has  no  action  on  mer- 
cury, nor  on  any  combustible,  except  phosphorus, 
which,  if  introduced  into  the  gas,  occasions  an  explo- 
'  si«n  and  burns  with  great  brilliancy.  It  explodes 
more  violently  than  the  oxide,  when  heated  to  212°, 
giving  oiit  much  light.  Two  volumes  by  decomposi- 
tion become  three,  and  consist  of  two  volumes  of  oxy- 
gen, and  one  of  chlorine, 

H.  Sulphurous  Acid  is  distinguished  by  its  odour, 
which  is  the  same  as  that  of  burning  sulphur. 

I.  Ammonia  by  its  odour  also,  which  is  pungent 
and  quite  peculiar ;  by  its  restoring  the  blue  colour 
of  litmus,  that  has  been  reddened  by  acid,  by  its 
neutralizing  acids,  and  forming  dense  white  vapours 
with  those  that  are  gaseous. 

K.  Chlorocarbonic  Acid  is  immediately  converted 
by  a  very  small  quantity  of  water  into  hydrochloric 
acid  which  remains  in  solution,  and  carbonic  acid 
which  retains  its  gaseous  state ;  if  zinc  or  antimony 
be  heated  in  it,  the  results  are  a  chloride  and  carbonic 
acid,  and  in  both  cases,  the  volume  of  carbonic  oxide, 
and  carbonic  acid,  is  equal  to  that  of  the  chlorocarbonic 
acid  gas  employed. 

L.  Carbonic  Acid  Gas  is  distinguished  from  all  -the 
other  gases,  absorbable  by  the  alkalies,  by  being 
inodorous,  by  its  scarcely  reddening  even  every  dilute 
tincture  of  litmus,  and  by  its  making  lime  water  turbid, 
apd  throwing  down  from  it  a  precipitate  soluble  in 
vinegar  with  eif«rvescence. 
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Vis.  Suppose,  lastly,  that  a  gas  be  neither  inflam- 
mable nor  absorbed  by  solution  of  potassa;  it  must 
be  either  oxygen,  azote,  oxide  of  azote,  or  deutoxide 
of  azote.  Oxygen  can  only  be  confounded  with  oxide 
of  azote;  the  property  which  bath  these  gasses  have 
of  rekindling  an  ignited  taper,  distinguishes  them  from 
the  two  others.     They  are  characterised  besides, — 

A.  Oxi/gen^  by  its  being  tasteless,  and  ca,pable  of 
condensing  twice  its  volume  of  hydrogen  ;  and, 

B.  Oxide  of  Azote,  by  its  sweetish  taste,  by  its 
being  soluble  in  a  little  less  than  half  its  volume  of 
water  at  the  average  temperature  and  pressure,  and  by 
affording  a  residuum  containing  a  large  proportion  of 
azote,  when  detonated  with  an  equal  volume  of  hy- 
drogen over  mercury. 

The  two  otherg  are  distinguished — 

C.  Deutoxide  of  Azote  (nitrous  gas)  by  its  being 
colourless,  but  immediately  becoming  red,  when  in 
contact  with  the  atmosphere,  or  oxygen,  and  passing 
to  the  state  of  nitrous  acid. 

D.  Azote,  by  its  being  inodorous,  colourless,  and 
tasteless,  by  its  extinguishing  burning  bodies,  under- 
going no  change  from  contact  with  the  air,  and  not 
rendering  lime  water  turbid. 

SECTION.  THE  SECOND. 
To  distinguish  the  Elements  of  a  Gaseous  Mixturt. 

%  14-  Certain  gases,  when  in  contact,  either  unite^ 
or  are  decomposed  by  their  mutual  action  (a).  The 
following  are  incompatible  in  the  same  mixture : 

(a)  PoUssuretted  hydrogen  u  not  taken  into  the  account,  as  iu 
tsiiteiic6  it  obI J  momenuty. 
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A.  Oxjgen,  with  hydruret  of  phosphorus,  and 
deutoxide  of  azote,  and  under  a  slight  pressure  with 
bihjrdruret  of  phosphorus. 

B.  Hj'druret  of  carbon,  with  chlorine. 

C.  Hjdrogen,  hydruret,  and  bi  hydruret  of  carbon, 
and  carbonic  oxide,  with  chlorine,  when  exposed  to 
the  sun's  rays,  and  with  oxide  of  chlorine  probably 
under  every  possible  circumstance. 

D.  Arsenuretted  hydrogen  with  chlorine  and  oxide 
of  chlorine. 

£•  Telluretted  hydrogen  with  chlojrine,  oxide  of 
chlorine,  and  ammonia. 

F.  Sulphuretted  hydrogen  with  chlorine,  oxide  oT 
chlorine^  ammonia,  and  sulphurous  acid  gas ;  but  if 
gulphuretted  hydrogen,  and  sulphurous  acid  g£^s,  be 
both  very  dry,  they  do  not  act  on  each  other  till  after 
some  time.  ^ 

G.  Hydruret  of  phosphorus,  with  oxygen,  oxide 
of  azote,  chlorine,  oxide  of  chlorine,  and  hydriodic 
acid,  and  perhaps  sulphurous  acid.  Both  hydruret 
and  bihydruret  of  phosphorus  instantly  unite  with 
hydriodic  acid,  and  form  a  crystalline  compound. 

H.  Bihydruret  of  phosphorus,  with  oxygen,  oxide 
of  chlorine,  and  hydriodic  acid;  and  with  oxygen 
under  slight  pressure  ;  and  perhaps  sulphurous  acid*. 

I.  Oxideof  azote  with  hydruret  ef  phosphorus,  and 
perhaps  hydriodic  acid  and  oxide  of  chlorine. 

K.  Deutoxide  of  azote  with  oxygen,  and  oxide  of 
chlorine^  and  with  chlorine  when  in  contact  with 
water. 

Xj.  Chlorine  with  hydrogen,  bihydruret  of  carbon, 
and  carbonic  oxide,  if  exposed  to  the  sun's  rays;  with 
hydruret  of  carbon,  sulphuretted  hydrogen,^  arse'- 
nuretted  hydrogen,  telluretted  hydrogen^  hydriodic 
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acid,  and  ammonia,  under  any  circumstances;  lastly, 
with  deutoxide  of  azote,  and  sulphurous  acid  gases, 
when  in  contact  with  water. 

M.  Oxide  of  chlorine  with  hydrogen,  hydruret  and 
bihydru ret  of  carbon,  biliydruret  of  phosphorus,  .sul- 
phuretted', arsenuretted,  and  telluretted  hydrogen, 
carbonic  oxide,  oxide  of  azote,  hydrochloric  and 
hydriodic  acids,  ammonia,  sulphurous  acid,  contain- 
ing vapour  of  water,  and  perhaps  oxide  of  azote,  and 
cyanogen, 

N.  Cyanogen  perhaps  with  oxide  of  chlorine,  or 
even  chlorine,  with  the  intervention  of  water. 

O.  Sulphurous  acid  with  sulphuretted  hydrogen, 
hydriodic  acid  and  ammonia,  nor  with  chlorine,  nor 
oxide  of  chlorine,  when  these  gases  are  in  contact 
with  water. 

P.  Hydrochloric  acid  with  oxide  of  chlorine  and 
ammonia. 

Q.  Fluoboric,  fluosilicic,  carbonic,  and  chlorocar- 
bonic  acids,  with  ammonia. 

R.  Hydriodic  acid,  with  chlorine,  oxide  of  chlorine^ 
and  sulphurous  acid  gases,  ancl  ammonia. 

S.  Ammonia,  with  chlorine,  oxide  of  chlorine,  tellu- 
retted and  sulphuretted  hydrogen,  and  all  the  acid 
gases. 

§  15.  The  first  test,  to  which  the  mixture  must  ,be 
submitted,  is  a  solution  of  caustic  potassa;  for  this  • 
purpose,  pass  up  from  J  00  to  200  parts  into  a  gra* 
duaied  tube,  filled  with,  and  inverted  over  mercury ; 
then  introduce  a  fragment  of  potassa,  and  10  or  J  2 
parts  of  water,  and  agitate  the  whole.  If  no  absorp- 
tion ensue,  it  may  be  concluded  that  the  mixture  con- 
tains only  one  or  more  of  the  following  gases : 

B 
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Oxjgen,  Carbonic  oxide, 

Hydrogen,  Hydruretted  carbonic  oxide, 

Hydruretted  carbon,         Azote, 
Hydruretted  phosphorus,  Oxide  of  azote, 
Arsenuretted  hydrogen^    Deutoxide  ofazote. 

If,  on  the  contrary,  the  whole  be  absorbed,  the  com- 
pound Qan  only  contain, 


Fluosilicic  acid, 
Chlorocarbonic  acid, 
Sulphuretted  hydrogen, 
Telluretted  hydrogen, 
Cyanogen, 
Ammonia. 


Carbonic  acid, 
Sulphurous  acid, 
Hydrochloric  acid, 
Chlorine, 
Oxide  of  chlorine, 
Fluoboric  acid, 
Hydriodic  acid, 

Lastly,  if  the  absorption  be  partial,  the  mixture 
must  be  composed  of  gases  belonging  to  each  series^ 
Suppose  such  a  case,  the  most  complicated,  and  com- 
prehending both  the  others. 

§  16.  After  the  action  ofpotassa,  to  remove  the  gases 
of  the  second  series,  fill  several  small  tubes  with  the 
residual  gas,  and  ascertain  its  composition,  as  fol- 
lows : — 

§  17  Deutoxide  of  azote  will  shew  if  it  contain  oxy- 
gen gas ;  and  oxygen  if  it  contain  deutoxide  of  azote; 
in  either  case  it  will  assume  a  reddish  yellow  tinge, 
and  become  acid.  This  experiment  is  conveniently 
made  in  a  small  tube  filled  with  mercury,  and  contain- 
ing moistened  blue  litmus  paper. 

§  18.  To  ascertain  the  presence  of  oxide  of  azote, 
agitate,  a  pretty  considerable  quantity  of  the  mixture 
for  ten  or  twelve  minutes  with  one-fourth  of  its  volume 
df  water;  then  fill  a  large  flask  with  this  water,  and 
adapt  to  it  a  bent  tubia  also  full  of  water ;  expose  the 


h  SO]  OF    THE    ANALYSIS    OF   GASES.  19 

flask  to  heat,  and  introduce  the  tube  under  a  receiver 
full  of  mercury.  The  oxide  of  azote  will  be  dissolved 
at  the  common  temperature,  and  resume  the  state  of 
gas  at  a  higher,  and  may  be  easily  distinguished  bj  its 
relighting  an  ignited  taper. 

§  19.  The  examination  for  azote  is  more  compli- 
cated, especially  when  the  mixture  contains  oxide  and 
deutoxide  of  azote,  hydrogen,  hydruret  of  carbon,  &c. 
The  deutoxide  must  first  be  absorbed  by  agitating 
the  mixture  with  sulphate  of  iron,  and  the  oxide  of 
azote  by  distilled  water  deprived  of  Its  air;  the  resi- 
duum  must   next  be    detonated  with  an  excess   of 
oxygen,  in  the  mercurial  eudiometer ;  the  remainder 
treated  with  potassa  and  a  little  water,  to  absorb  the 
-carbonic  acid  that  may  have  been  formed,  and  the  last 
residuum  washed  and  heated  with  phosphorus  in  a 
small  retort.     If  any  gas  now  remain,  it  is  azote,  and 
must  h&ve  existed  in  the  mixture,  unless  its  quantity 
be  extremely  minute,  for  in  that  case  it  may  have 
arisen  from  air  adhering  to  the  sides  of  the  vessel 
employed*     ]  t  may  happen  also,  after  the  action  of  the 
sulphate  of  iron  and  water,  that  the  residuum  will  not 
detonate  at  all  with  oxygen,  or  the  combustion  be 
incomplete.     This  must  necessarily  be  the  case  if  the 
mixture  contained  no  inflammable  gas,  or  too  little, 
or  even  if  only  carbonic  oxide  was  present ;  but  all 
these  inconveniences  may  be  obviated  by  adding  about 
a  quarter  of  a  volume  of  hydrogen  gas. 

§  20.  The  preceding  experiment  also  shews  the  pre- 
sence of  hydrui^t  or  bihydruret  of  carbon,  or  of  car- 
bonic oxide;  for  if  the  residuum  after  detonation  be 
partly  absorbed  by  potassa,  and  render  lime  water 
torbid,  it  must  contain  carbonic  acid,  which  can  only 
be  derived  from  the  combustion  of  those  gas^s.     To 
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ascertain  whether  it  proceed  from  one  or  both  of  them^ 
the  oxygen,  oxide,  and  deutoxide  of  azote,  hjdruretted 
phosphorus,  and  arsenuretted  hydrogen,  must  pre- 
riously  be  removed,  the  three  first  by  the  methods 
already  directed  (§  16,  17),  the  two  last  by  sulphur 
and  solutiop  of  potassa.  The  sulphur  being  heated  in 
the  gases  will  decompose  them,  and  sulphurets  of 
phosphorus  and  arsenic,  and  sulphuretted  hydrogen, 
will  be  formed ;  the  alkaline  solution  will  then  absorb* 
the  latter.  Suppose,  for  instance,  that  having  freed  • 
the  mixture  from  the  gases  just  enumerated,  we  find 
the  specific  gravity  of  the  remainder  to  be  0.9811 ; 
100  cubic  inches  will  weigh  S9.925  grs;  that  we 
then  detonate  100  measures  with  an  excess  of  oxygen 
gas  over  mercury,  and  the  result  is  water  and  car* 
bonic  acid  (a);  that  the  oxygen  absorbed  amounts 
to  175  measures,  and  150  measures  of  carbonic  acid 
^as  are  formed.  For  convenience  of  calculation,  we 
will  consider  each  measure  to  be  equal  to  one  cubic 
inch;.  150  cubic  inches  of  carbonic  acid  contain  19.83 
grs.  of  carbon,  which  is  the  whole  quantity  contained 
in  the  mixture,  the  remaining  10.695  grs.  must  con«- 
sist  of  oxygen  and  hydrogen* 

Carbonic  acid  contains  its  own  volume  of  oxygen, 
the  150  cubic  inches  therefore  represent  an  equal  bulk 
of  that  gas,  which  weigh  50.6S'grs.  but  175  measures 
of  oxygen  were  absorbed,  equal  to  59.06  grs. ;  the 
difierence,  therefore,  or  8.43  grs.  have  combined  with 
the  10.695,  to  form  19.125  of  water,  which  contain 
8.25  of^ydrogen. 

(a)  .If  azote  be  present,  it  will  remain  mixed  with  the  carbonic  add 
«lld  oxygen,  and  its  proportion  be  easily  found  by  absorbing  the  car- 
bonic acid  by  potasta,  and  analysing  the  residuum  like  common  air. 
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The  result  of  the  analysis  gives  us, 

Carbon      •     .     .     .     .     19.23 

Oxygen 8.445 

Hydrogen      .    .     •    .       2.25 

29.925 

Kow  8.445  of  oxygen  require  6.418  of  carbon  to 
form  14.863  of  carbonic  oxide,  and  2.25  of  hydrogen 
take  12.82  of  carbon  to  form  15.07  of  hydruret  of 
carbon. 

The  mixture  therefore  consisted  of 

Grs. 

59  cubic  inches  of  csfrbonic  oxide,  equal  to*  •  •  14.86 
50  "  hydruret  of  carbon 15.07 


100  29.93 

By  the  same  method  we  may  determine  if  a  mixture 
contain  hydrogen  and  hydruretted  carbon,  or  hydro- 
gen, hy4ruretted  carbon,  and  carbonic  oxide ;  for  the 
quantity  of  oxygen  would  give  the  quantity  of  car* 
bonic  oxide,  that  of  the  carbon,  not  belonging  to  this 
gas,  would  give  the  quantity  of  hydruretted  carbon,  and 
the  hydrogen  would  be  represented  by  the  remainder. 

§  21.  If  arsenuretted  hydrogen  be  contained  in  suf- 
ficient quantity  in  a  gaseous  mixture,  it  is  readily 
detected  by  filling  a  tube  with  the  gas,  and  intro- 
ducing a  lighted  taper ;  the  sides.of  the  tube  will  be 
covered  with  a  chesnut  brown  hydruret.  But  if  the 
mixture  contain  very  little  of  this  gas  it  is  better  (the 
oxygen,  and  oxides  of  azote  being  first  removed, 
^  16,  17),  to  heat  a  small  portion  of  potassium  in  it, 
in  a  bent  tube  over  mercury ;  an  arseouret  of  pot- 
assium is  formed,  which,  when  placed  in  contact  with 
water,  afibrds  arsenuretted  hydrogen,  and  flakes  of  a 
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chesnut  brown  hydruret  of  arsenic.  The  products  are 
very  distinct  with  only  half  a  grain  of  the  metal  to  a 
portion  of  the  mixture  in  excess.  The  latter  is  first 
passed  up  into  the  tube  over  mercury  and  the  po- 
tassium introduced  by  means  of  a  wine  into  the  bent 
part,  and  heated  by  a  spirit  lamp;  fresh  gas  may  be 
added  if  necessary  ;  the  potassium  becomes  converted 
into  a  dull  brown  mass,  and  the  residual  ^s  being 
suffered  to  escape,  water  is  passed  up  into  the  tube. 

§  22.  Bihydruret  of  phosphorus,  when  it  predomi- 
nates in  a  mixture,  is  easily  distinguished  by  its  smell, 
and  by  affording  when  burnt,  a  very  acid  fixed  sub- 
stance. But  when  a  mixture  contains  only  very  little 
of  it,  we  must  employ  potassium,  and  operate  as  in  th« 
preceding  experiment;  a  phosphuret  is  formed  from 
which  water  disengages  bihydruret  of  phosphorus, 
which  at  most  can  only  be  mixed  with  arsenuretted 
hydrogen,  and  this  not  yielding  an  acid  product  by 
combustion,  is  readily  distinguished  from  the  other. 
They  may  farther  be  distinguished  by  a  solution  of 
chlorine,  as  stated  in  describing  their  particular  cha- 
racters (§  11,  A,  D). 

§  23.  It  is  difficult  to  prove  the  existence  of  hy- 
drogen in  a  mixture  unless  it  contain  no  other  inflam- 
mable gas,  or  at  least  only  carbonic  oxide.  For  if  it 
contain  besides,  bihydruretted  phosphorus,  or  arse- 
nuretted hydrogen,  or  hydruretted  carbon,  it  is  always 
possible  that  the  hydrogen  may  have  been  united  to 
the  phosphorus,  carbon,  or  arsenic  of  these  gases. 
Suppose,  that  having  absorbed  the  oxygen  by  phos- 
phorus, the  deutoxide  of  azote  by  sulphate  of  iron,  and 
its  oxide  by  water,  an  inflammable  residuum  be  left ; 
that  by  detonating  100  parts  of  this  with  50  of  oxygen 
in  the  mercurial  eudiometer,  60  parts  are  absorbed ; 
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that  only  20  parts  of  oxygen  diRappear,  and  no  car- 
bonic acid  is  formed ;  we  may  coacliide,  that  tlie 
mixture  contains  two- fifths  of  its  volume  of  hydrogen, 
and  no  other  inflammable  gas. 

^  24.  The  gases  of  the  first  series  being  ascertained^ 
the  next  thin }  is  to  distinguish  those  of  the  second,  or 
such  as  are  absorbed  by  the  alkalies.  If  the  mixture 
contain 

A.  Sulphurated  Hydrogen,  it  will  have  the  smell 
of  rotten  eggs,  or  at  least  blacken  solutions  of  lead. 

B.  Hj/driodic  Acid  Gas  becomes  violet,  by  the  con* 
tact  of  chlorine,  and  deposits  iodine. 

C.  Ammonia  has  a  very  pungent,  sharp  odour,  turns 
syrup  of  violets  green,  and  turmeric  paper  brown^ 
and  forms  dense  clouds  with  the  gaseous  acids. 

D.  Fluosilicic  Add  Gas,  when  in  contact  with  water^ 
lets  fall  flakes  of  fluate  of  silica. 

£•  Chlorine  has  a  greenish  yellow  colour  (a),  turns 
tincture  of  litmus  yellow;  acts  on  mercury  at  common 
temperatures,  and  forms  a  black  or  grey  powder  of 
chloride  of  mercury.  When  the  chloride  is  heated 
with  an  alkalitie  solution,  a  liquid  is  formed,  which 
being  super-saturated  with  nitric  acid,  gives  a  precipi- 
tate with  nitrate  of  silver,  insoluble  in  nitric  acid,  and 
Tery  soluble  in. ammonia. 

F.  Oxide  of  Chlorine  has  a  greenish  yellow  colour 
(see  note  £),  and  if,  after  being  placed  in  contact  with 
mercury,  to  ab^^orb  any  chlorine  it  may  contain,  it  be 
mixed  with  hydrochloric  acid  gas^  water  is  formed 
and  chlorine  evolved  (E). 


(a)  If  the  quantity  of  chlorine  in  the  mixture  be  very  email,  its  colour 
may  not  be  perceptible.  The  same  remark  is  applicable  to  the  oxide  o£ 
chlorine. 
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G.  Sulphurous  Acid  Gas  baaJLhC  odour  of  burning 
sulphur,  and,  when  brought  i|j|(m>ntact  with  small 
pieces 'of  borax,  forms  a  compojij^d  with  it,  which  if 
heated  red  with  charcoal,  and  mM^tened^  evolves  the 
smell  of  rotten  eggs.  ^  .^ 

H.  Fluoboric  Acid  Gas  blackenp  flip's  of  paper  ex- 
posed to  it,  and  produces  whit^  vapours  J^y  contact 
with  the  atmosphere.  This  last  phenom^pon  is  also 
produced  by  hydrochloric,  hydriojjlcj^^hd  fluosilicic 
acid  gases,  but  these  do  not  discoloiK*  wper. 

L  Hydrochloric  Acid  Gas  comnrUTiicates  to  frag- 
ments of  borax,  the  property  of  forming  with  solution 
of  silver,  a  white  precipitate,  soluble  in  ammonia,  and 
insoluble  in  nitric  acid  (a).        ,./ 

K.  Chlorocarbonic  Acid  Gas^  mi^^d  with  hydro- 
chloric acid  gas,  and  placed  in  contact  with  mercury 
and  borax,  leaves  a  residuum,  soluble,  at  least  in  part^ 
in  alcohol ;  and  if  the  alcoholic  solution}  be  diluted 
with  warm  water,  carbonic  acid  gas  is  disengaged,  and 
it  acquires  the  property  of  giving  a^^n^ite  precipitate 
with  nitrate  of  silver  (b). 

Xi.  Carbonic  Acid  Gas  is  detected  in^he  mixture,  if 
lifter  it  has  been  treated  with  hydroiihloric  acid  gas, 

mercury,  borax,  and  alcohol,  as  iust  mentioned,  a 

%  

(a)  Hydrochloric  acid  is  the  only  gas  absorbed  by  borax,  that  has  the 
property  of  giving  with  nitrate  of  silver  a  white  precipitate,  soluble  in, 
ammonia  and  insoluble  in  nitric  acid.  This  salt  has  no  action  either  in 
chlorine,  oxide  of  chlorine,  or  chlorocarbonic  acid  gases.  It  absorbs 
hydriodic  acid  gas,  and  th^n  precipitates  nitrate  of  silver;  but  the  pre- 
cipitate is  insoiub  t  in  ammonia. 

(i)  The  object  of  adding  hydrochloi^ic  acid  gas  is  to  change  the  oxidQ 

«of  chlorine,  wh  ch  the  mixture  may  contain,  into  chlorine;  the  mer* 

cury  to  absorb  the  chlorine;  the  borax  to   absorb  the  hydrochloric 

?ictd  gas  and  the  strong  acids ;  and  the  alceljiQl  to  absorb  the  qhloron 

(f^l'^onic  acid  gas.. 
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chloride  of  cncium  deliquesce  in  it. 


{a)  See,  in  th.e  preceding  note,  the  reason  for  tresiting  the  mixture 
first  with  hydrochloric  acid  gas,  mercury,  borax  aad  alcohol.  Tht 
process  is  complicated  because  the  carbonic  acid  gas  is  supposed  to  be 
mixed  with  a  great  number  of  others,  and  especially  chiorocarbonic, 
which  by  its  decomposition  might  produce  carbonic  acid.  Otherwise 
it  were  sufficient  t«  treat  the  gaseous  mixture  with  solution  of  ammonia, 
add  lime  water  or  hydrochlorate  of  lime  to  the  liquor,  and  ascertain  if 
the  precipitate  efFervescesce  with  vinegar  or  weak  hydrochloric  acid. 

(b)  As  telluretted  hydrogen  cannot  exist  either  with  chlorine,  or 
oxide  of  chlorine,  it  is  needless  to  treat  the  mixture  with  hydrochloric 
acid  gas  and  mercury,  (see  note  L.)  The  borax  is  to  absorb  the  strong 
acids,  the  alcohol,  the  chlorocairboBic,  and  the  acetate  of  lead,  the  4u(<« 
phuretted  hydrogeQ. 
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B.  Nitrous  Acid  Vapour ;  if  it  havj  a  reddisli  colour^ 
or  when  absorbed  by  an  alkaline  solution,  and  evapo- 
rated to  dryness,  the  residuum  give  off  red  vapours^ 
by  the  action  of  sulphuric  acid.  Nitrous  acid  vapour 
cannot  exist  wilh  sulphuretted,  p][)6sphuretted,  arse* 
nuretted,  nor  telluretted  hydrogen,  ammonia,  nor 
sulphurous  acid  containing  water^  nor  profcAbly  with 
bydriodic  acid. 

C.  Vapour  of  Alcohol ;  if  after  agitation  with  solu- 
tion of  potassa  or  soda,  a  spirituous  product  be  ob- 
tained by  distillation. 

D.  Vapour  of  Ether ;  if  it  have  the  smell  of  ether, 
or  when  treated  as  for  the  detection  of  the  vapour  of 
alcohol,  the  first  product  have  tKat  odour.     If  both 
these  vapours  be  present,  the  products  must  be  received 
separately, 

E.  Hydrocyanic  Vapour  \  if  it  produce  with  deu- 
toxide  of  mercury,  a  soluble  cyanide,  from  which 
sulphuretted  hydrogen  precipitates  blaek^sulphuret  of 
mercury,  and  hydrocyanic  acid  remainsin  solution. 

.    Other  vapours  may  be  mixed  with  the  gases,  but  it 
is  not  worth  while  to  particularize  them. 

When  a  gas  is  saturated  with  va^pbur  its  quantity 
may  be  calculated  as  follows.  Suppose  the  vapour  to 
be  that  of  water,  the  volume  of  air  (atmospheric)  to 
be  50  cubic  inches,  the  temperature  60°  of  Fahrenheit, 
and  the  barometer  at  SO  inches.  The  tension  or  pres* 
sure  of  vapour  at  this  temperature  is  equal  to  .524 
of  an  inch  of  mercury,  as  is  directly  proved  by  expe- 
riment, (a).     Now  the   density  of  air  being   l.OOO 


{a)  The  mode  of  shewing  the  tension  of  Tapours  is  very  simple. 
Pour  mercuiy  ^ito  a  barometer  tube  to  within  about  a  quarter  of  aa 
inch  of  the  top,  and  fill  it  up  with,  the  fluid  whose  tension  \%  to  be  ascef-^ 


§  S6]  OF   THE    ANALYSIS    OF   GASES,  S7 

that  of  steam  is  .€S4 ;  t»ut  50  cubic  inches^  of  air,  at 
the  above  temperature  and  pressure  weigh  15.2S 
grains,  therefore,  at  Ihe  same  temperature,  but  under 
a  pressure  of  only  .524  of  an  inch,  they  will  weigh 
but  .266  grain,  (vide  note,  No.  8i)  consequently  the 
weight  of  the  vapour  will  be  .624  of  .266,  or  .165  of 
a  grain.  (For  a  table  of  the  elasticity  of  steam  at 
different  temperatures,  drawn  up  by  Mr.  Dalton,  see 
Thomson's  Chemistry,  vol.  I.  p.  97,  fifth  edition.) 

That  gases  exert  no  pressure  on  the  vapours  they 
contain^  is  evident  from  this.  The  tension  of  aqueous 
vapour  with  vi^hich  air  at  60®  is  saturated,  is  only 
equal  to  .55  of  an  inch  of  mercury,  and  it  would  be 
reduced  to  the  liquid  state  by  the  smallest  increase 
in  the  height  of  the  column,  yet  the  air  can  support  a 
column  of  30  inches.     The  inference  is  irresistible. 

ARTICLE  I. 

§  26.  Analysis  of  a  mixture  of  two  gases,  one  con- 
tained in  the  following  series,  oxygen,  hydrogen, 
hydruretted  carbon,  hydruretted  phosphorus,  arsenu-* 


tained.  -  Stop  the  end  with  the  finger,  and  pass  the  fluid  frequently 
backwards  and  forwards  through  the  tube,  by  inclining  it,  so  as  to 
detach  the  air  bubbles  that  may  adhere  to  the  sides ;  then  holding  it 
vertically,  the  open  end  uppermof^t,  raise  the  finger,  and  fill  the  tube 
up  again  with* the  liquid,  repeating  these  operations,  till  the  air  is  quite 
got  rid  of.  Then  close  the  mouth  very  carefully  with  the  finger, 
plunge  it  into  a  basin  of  mercury  and  support  the  tube  in  an  upright 
position.  From  the  height  of  the  mercury  in  the  barometer  at  the 
time  of  the  experiment,  deduct  that  of  the  mercury  in  the  tube ;  the 
difference  gives  the  tension  of  the  liquid;  being  produced  by  its  tendency 
to  assume  the  form  of  vapour,  and  depress  the  volume  of  mercury  to  a 
certain  point,  whiclvthe  weight  of  the  air  supports,  at  a  mean  rate,  at 
about  30  inches. 
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vetted  hydrogen,  carbonic  oxide,  azote,  oxide  and  deu* 
toxide  of  azote ;  the  other,  in  the- series  comprehending 
fiiilphurons,  hydrochloric,  hydriodic,  fluoboric,  fluo* 
silicic,  carbonic,  chlorocarbonic  acid  gases,  chlorine^ 
oxide  of  chlorine,  sulphuretted  hydrogen,  telluretted 
hydrogen,  cyanogen  and  ammonia, 

^  27.  All  the  gases  of  the  first  series  being  inso-" 
luble  in  solutions  of  potassa  and  soda,  and  on  the 
contrary,  all  those  of  the  second  being  soluble  ia 
those  solutions,  the  analysis  of  such  a  mixture  presents 
no  difficulty.  A  certain  quantity  (100  or  !S00  parts 
for  instance)  must  be  passed  up  into  a  glass  tube  over 
mercury,  and  a  rather  concentrated  alkaline  solution 
introduced,  and  the  tube  agitated  so  long  as  any  per-* 
fseptible  absorption  ensues.  The  residuum  gives  the 
quantity  of  gas  belonging  to  the  first  series,  and  this 
being  deducted  from  the  whole  quantity,  the  remainder 
shews  how  much  belongs  to  the  other  series,  (a). 

§  28.  Analysis  of  a  mixture  of  two  gases,  belong-* ' 
ing  to  the  first  series,  (^  26). 

■ 

A,  Oxygen  Gas  and  Azote. 

This  analysis  is  effected  by  absorbing  the  oxygen 
and  leaving  the  azote  free.  For  this  purpose  hydrogen 
or  phospborus  is  employed. 

The  analysis  by  hydrogen  may  be  made  either  over 
mercury  f»r  watery  the  gas  is  introduced  into  the 
detonating  eudiometer,  an  electrical  spark  passed 
through  it,  and  the  residuum  measured,  the  difierence 


(a)  Should  the  gas  of  the  second  series  be  ammonia,  the  alkaline 
solution  wouid|Only  act  ^n  it  by  the  water  it  contains;  it  is  better 
therefore  in  that  case  to  employ  mere  water  in  the  lepariitiQi^  of  th,^ 
two  gas^. 
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between  this  and  the  total  quantity  of  gas,  gives  the 
amount  of  the  absorption ;  one*-third  of  which  repre- 
sents the  oxygen. 

Suppose  the  mixture  of 

Oxygen  gas  and  azote  be       •    ^     •    1101  .-.oig 

Hydrogen    .    •     . 106/ 

The  residuum  after  passing  the  spark   .    •     •      96 
The  absorption  then  is   ••••••••     l!30 

The  oxygen  (^|.°)  is 40 

The  hydrogen  must  be  in  excess,  in  respect  to  the ' 
oxygen,   and  the  mixture  explosive  by  the  electric 
^spark.     If  therefore  the  quantity  of  oxygen  be  liot 
i|ufficient  for  inflammation  to  take   place,  a  certain 
portion  of  that  gas,  of  known  purity,  must  be  added, 
and  allowed  for  in  the  calculation.     The  analysis  by 
phosphorus  is  conducted  in  the  following  mann6r« 
Suppose  atmospheric  air  to  be  the  subject  of  the  expe- 
riment.    Pass  up  into  a  small  bent  tube,  a  certain 
quantity  of  the  air  to  be  examined,  100'  parts  for 
instance,  and  introduce  into  the  bent  part  two  or 
three  grains  of  phosphorus,  heat  it  gently  for  a  few 
seconds  by  a  spirit  lamp,  till  a  lambent  flame  descends 
to  the  surface  of  the  mercury ;  then  let  the  apparatus 
eool,  and  measure  the  residuum ;  it  will  be  found  to 
amount  to  79  parts.     This  experiment  may  be  made 
either  over  mercury  or  water. 

B.  Oxygen  and  Hydrogen  Gases^ 

Detonation  by  the  electric  spark  in  the  eudiometer, 
in  the  manner  just  stated,  adding  if  necessary  a  known 
^tvantity  of  either  gas  to  render  its  explosive,  is  all 
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that  is  required,  in  the  analysis  of  this  mixture.  Sup- 
pose we  operate  on  100  parts  by  volume,  and  after 
detonation,  19  parts  of  hydrogen  be  left;  the  81  parts 
absorbed,  roust  be  formed  of  54  hydrogen  and  27 
oxygen,  (for  two  volumes  of  hydrogen  condense  one 
of  oxygen)  and  consequently  the  mixture  contained 
per  cent,  27  oxygen  and  73  hydrogen. 

Oxygen  and  hydrogen  gases  may  also  be  separated 
by  phosphorus  over  mercury  at  ordinary  temperatures^ 
but  if  the  mixture  do  not  contain  three-fourths  of  its 
volume  of  hydrogen,  a  certain  portion  of  that  gas 
must  be  added,  and  the  sides  of  the  tube  moistened  to 
accelerate  the  absorption  of  the  oxygen,  (a).  The 
experiment  lasts  many  hours,  and  consequently  the 
changes  in  pressure  and  temperature  that  may  occut 
during  its  continuance,  must  be  noted.  It  is  not 
complete  till  the  formation  of  vapour  entirely  ceases, 
or  more  certainly,  till  the  phosphorus  is  no  longer 
luminous  in  the  dark. 


(a)  Phosphorys  combines  with  oxygen  at  lower  temperatures  within 
the  range  of  from  41^  to  81^  Fahrenheit,  in  proportion  as  the  density  of 
the  gas  is  less,  and  the  addition  of  certain  quantities  of  azote,  hydrogen, 
or  carbonic  acid,  to  a  given  volume  of  oxygen,  has  the  same  effect  as 
diminishing  the  pressure.  The  presence  of  the  vapour  of  water  j»  also 
necessary  to  its  action.  Pass  common  air  into  a  receivei  over  mercury, 
and  introduce  a  cylinder  of  phosphorus ;  let  both  the  vessel  and  the 
phosphorus  be  perfectly  dry;  white  fumes  will  at  first  appear,  and  the 
phosphorus  be  luminous  in  the  dark;  but  these  effects  diminish  by 
degrees,  and  in  twenty-four  hours  will  have  ceased  altogether.  Then 
introduce  a  little  water  into  the  receiver,  immediately  the  white  vapours 
will  reappear,  and  the  phosphorus  again  become  luminous,  and  in  a 
•l^ort  time  the  whole  of  the  oxygen  will  be  absorbed.  Theoard,  vol.  I. 
page  174  and  223. 
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■ 

C.  Of  Oxygen  and  one  of  the  following  Gases. 

Bihjdruret  of  carbon,  bihydruret  of  phosphorus, 
arsenuretted  hydrogen,  carbonic  oxide,  and  oxide  of 
azote. 

All  these  analyses  must  be  performed  by  means  of 
phosphorus  and  azote  in  the  manner  already  described. 
In  pointing  out  this  method  it  is  assumed  that  phos- 
phorus does  not  decompose  any  of  thes^i  gases,  which 
is  perhaps  Qot  absolutely  correct. 

D.  Of  bihydruret  of  Carbon  and  carbonic  oxide  Gases. 

The  sjp^gicific  gravity  of  the  mixture  must  first  be 
ascertained:  a  certain  quantity  is  then  to  be  passed 
up  into  the  mercurial  eudiometer  with  an  excess  of 
oxygen,  and  after  detonation  the  residuum  measured. 
Next,  absorb  the  carbonic  acid  that  will  have  been 
formed  by  potassa,  by  which  a  second  residuum'  is 
obtained  of  the  superabundant  oxygen,  which  being 
deducted  from  the  first,  the  difference  is  the  quantity 
of  acid  gas.  An  example  will  illustrate  this  analysis. 
Let  the  temperature  be  60°  Fahrenheit. 

Atmospheric  pressure  equal  to  30  inches  of  mercury. 
Specific  gravity  of  atmospheric  air    .     .     .     1.000 

■  oxygen  gas      ....     1.106 

^ carbonic  acid  gas  .    .     .     1.626 

■  the  mixture      ....    0.856 

grains 

Quantity  of  mixture  operated  on,  one  cubic 

inch,  or S675 

Oxygen  added,  If  cubic  inch 5062 

Carbonic  acid  formed,  1.003  cubic  inch   .    .     .4570 
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Excess  of  oxygen,  .6319  cubic  inch,  there- 
fore, oxygen  absorbed  .8681,  cubic' inch      .     .     .2930 

The  carbonic  acid  contains  all  the  carbon  of 
the  mixture .1386 

Therefore  the  remainder  (.2675— .1286)  must 
be  oxygen  and  hydrogen     .......     »1389 

5.7  of  carbon  require  15  of  oxygen  to  form 
carbonic  acid;  therefore,  .1286  require  .3384 
but  only  .2930  of  the  oxygen  which  was  added 
Jiave  been  absorbed;  .0454  parts  therefore 
have  been  furnished  by  the  .1389  parts  of  the 
*  mixture  that  disappeared  by  detonation ;  then 
.1389 — .0454  is  the  quantity  of  water  formed, 
or 0935 

But  water  is  composed  of  7.5  of  oxygen  and 
I  of  hydrogen,  therefore  .0935  parts  contain 

hydrogen      .     .    ., 0110 

oxygen 0825 

The  whole  quantity  of  oxygen  therefore  is 
(.0454+.0825) '.    .     .127.9 

Thus  the  elements  of  the  mixture  are 

Carbon 1286 

Oxygen 1279 

Hydrogen     ...        .0110 .2675 

The  proportion  of  the  oxygen  in  carbonic 
oxide  to  the  carbon,  is  as  7.5  to  5.7,  therefore 
the  .1279  of  oxygen  require  .0972  of  carbon  to 
form  of  carbonic  oxide 2251 

But  the  whole  carbon  is  .1286,  the  difference 
therefore,  or,  .0314  must  have  been  combined 
with  the  .0110  of  hydrogen,  to  form  of  bihy- 
druret  of  carbon ....,,    .0424 

.2675 
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And  consequently  the  mixture  was  composed  by 
volume  of  Jy^dths  of  carbonic  oxide,  and  -^dths  of 
bihydruret  of  carbon. 

#• 
E.  OfHydrurei  of  Carbon  and  Hydrogen  Gases. 

This  analysis  is  very  simple ;  convert  the  mixture, 
by  detonation  with  an  excess  of  oxygen  in  the  mer- 
curial eudiometer,  into  water  and  carbonic  acid^ 
measure  the  residuum,  agitate  it  with  a  solution  of 
caustic. potassa,  and  measure  it  again :  the  quantity 
absorbed  by  the  alkali  denotes  the  carbonic  acid,  and 
the  last  remainder  consists  of  the  oxygen  in  excess ; 
from  these  data  the  quantities  of  carbon  and  hydrogen 
will  be  readily  deduced. 

.  Suppose  the  volume  of  the  mixture  to  be  100 

Oxygen 300 

'Gas  after  detonation    .     ....     .     .  225 

■■                 the  action  of  the  potassa     .     .  125 

The  oxygen  absorbed  must  be   ...     .  175 

And  the  carbonic  acid  formed     .     •     •     .  100 

Kow  100  volumes  of  carbonic  acid  contain  100  of 
the  vapour  of  carbon  and  100  of  oxygen,  condensed 
into  100  volumes ;  but  the  quantity  of  oxygen  ab- 
sorbed 19  175,  therefore  75  volumes  have  united  to 
150  volumes  of  hydrogen,  to  form  water,  and  conse- 
quently the  mixture  was  composed  of  50  volumes  of 
hydruret  of  carbon  and  50  of  hydrogen,  for  the  former 
gas  contains  two  volumes  of  vapour  of  carbon  and  two 
of  hydrogen  condensed  into  one  volume.     (37  A.)  (a). 

%— — »— ^^*— ii— >— ^"^M^^^"^^^— '■^— ^       ■  -         I     ^     mn   m  mm.»  —  m         ■  ■■■■         ■■■.>.*■  i  w-^  ^_-    i  ■  i     ■■■■■■  pi 

(a)  Although  uncombiaed  citrbop  cai^DOt  be  reduced  to  the  state, of 
▼apour'by  any  pQwez^we  can  comxnandft  yet  tkerf .  ar#  comidersttiorii 

C 
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F.  Of  Hydruret  of  Carbon  and  Azote.  , 

This  analysts  is  conducted  like  the  preceding,  except 
that  after  having  absorbed  the  carbonic  acid  by  potassa, 
the  quantity  of  the  residual  oxygen  and  azote  must  be 
determined. 

Let  the  volume  of  gas  operated  on  be     .     .  100 

That  of  the  carbonic  acid  formed       •     •     .  ISO 

The  oxygen  absorbed 180 

The  azote 40  . 

It  is  evident  the  mixture  must  be  composed  of  40 
azote  and  60  hydruret  of  carbon. 

G.  Of  Hydruret^  or  Bihydruret  of  Carbon  and 

Oxide  of  Azote. 

Oxide  of  azote  is  soluble  in  about  twice  its  volume 
of  water  at  the  ordinary  pressure  and  temperature,  and 
the  hydrurets  of  carbon  are  insoluble  in  that  fluid ;  by 
its  means  therefore,  these  two  gases  are  easily  sepa- 
rated. It  is  necessary  however  to  deprive  the  water 
of  air  by  boilings  before  it  is  used ;  as  it  otherwise 
would  be  disengaged  at  the  time  the  oxide  of  azote  is 
absorbed^  and  occasion  error  by  increasing  the  appa- 
rent quantity  of  hydruret. 

"wiiich  justify  the  language  and  views  adopted  abovje,  and  point  out 
the  means  by  which  the  density  of  its  vapour  may  be  ascertained  whea 
by  combination  with  other  bodies  it  assumes  that  form ;  for  as  we  know 
that  gases  unite  in  simple  ratios  of  their  volumes,  anil  carbonic  acid 
contains  a  volume  of  oxygen  equal  to  its  own  bulk,  it  may  be  considered 
as  composed  of  one  volume  of  oxygen  and  one  of  vapour  of  carboK 
condensed  into  a  single  volume^  and  consequently  the  density  of  the 
latter  must  be  equal  to  that  of  carbonic  acid  (gas,  minus  the  density  of 
oxygea;  org  1.5333—1.106  >*  0.4173 ^Tbenard,  vol.  I,  page  161.  . 
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H.  Of  the  same  Hydrurets  and  Deutoxide  of  Azote. 

.  The  separation  of  these  two  gases  may  be  accom- 
plished by  agitating  them  with  a  solution  of  sulphate 
of  iron,  which  absorbs  the  deutoxide  of  azote,  and  has 
no  action  on  the  hydrurets  of  carbon ;  or  by  placing 
them  in  contact  with  a  mixture  of  potassa  and  sulphite 
of  potassa,  which,  like  sulphate  of  iron,  absorbs  the 
deutoxide,  and  leaves  the  hydruret  of  carbon  free. 

I.  Of  Hydrogen  Gas  and  Azote, 

The  analysis  of  this  mixture  is  made  with  the 
detonating  eudiometer  in  the  same  manner  as  that  of 
a  mixture  of  oxygen  and  azote ;  but  instead  of  an 
excess  of  hydrogen,  an  excess  of  oxygen  must  be  added* 
Two-thirds  of  the  absorption  represent  the  quantity 
ofhj'drogen. 

K.  Of  Hydrogen  and  Carbonic  Oxide  Gases. 

Like  the  analysis  of  bihydruret  of  carbon  and  car- 
bonic oxide  (28.  D.) 

Let  the  volume  of  the  mixture  be    .     .     100 

9- 

That  of  the  carbonic  acid  formed     .     .      bO 

—  oxygen  absorbed      ...       50 

The  mixture  roust  consist  of  50  pai'ts   of  oxide  of 
carbon  and  50  of  hydrogen,  for  the  carbonic  acid  re- 
presents an  equal  volume  of  carbonic  oxide,  and  car-  ^ 
bonie  oxide  absorbs  half  its  volume  of  Oxygen ;  but  the 
absorption  of  oxygen  amounts  to  50  parts ;  25  there- 
fore must  have  united  to  50  of  hydrogen. 

L.  Of  Hydrogen  and  Oxide  of  Azote. 

By  watek*,  as  with  hydruret  of  carbon  and  oxide  of 

azote  (S8.  G.> 

c  2 
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M.  Of  Ht/drogen  and  Deutoxide  of  Azote^ 

As  that  of  deutoxide  of  azote  and  the  hydriH'etfi  of 
carbon,  by  solutions  of  iron  (28.  H). 

N.  Of  Azote  and  Varhonic  Oxide.  i 

Similar  to  the  analysis  of  hydruret  of  carbon  and 
azote  (28.  F.) ;  remembering  that  the  volume  of  car- 
bonic oxide  is  equal  to  that  of  the  carbonic  acid 
formed,  since  100  parts  of  oxide  of  carbon  -j-  50  oxygen, 
give  100  of  carbonic  acid. 

O.  Of  Azote  and  Oxide  of  Azote. 

By  water,  as  with  oxide  of  azote  and  hydruret  of 
ca^-bon  (28.  G.) 

P.  Of  Azote  and  Deutoxide  of  Azote. 

Pass  up  100  parts  of  the  mixture  into  a  gruduaited 
tub^  full  of  water,  and  add  an  excess  of  chlorine,  the 
deutoxide  will  be  soon  converted  into  acid,  and  dis- 
solved ;  then  absorb  the  exces.s  of  chlorine  by  potassa, 
and  the  azote  will  be  left,  whose  quantity,  deducted 
from  the  original  quantity  of  the  mixture,  gives  the 
quantity  of  the  deutoxide  of  azote. 

Q.  Of  Carbonic  Oxide  and  Oxide  ofAzote^ 

By  water,  like  oxide  of  azote,^and  hydruret  of  car-^ 
bon  (28.  G.) 

R.   Of  Carbonic  Oxide  and  Deutoxide  of  Azote. 

By  solutions  of  iron,  like  hydruret. of  carbon,  and 
deutoxide  of  azote  (28.  H.) 
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...       *  >  ' 

S-  Of  Oxide  of  Azote  and  Arsenuretted  Hydrogen^  or 

Bihydruret  of  I^hospKorus . 

By  water,  like  the  mixture  of  hjdruret  of  carbon 
and  oxideof  9Zote  (28.  G.)  , 


ARTICLE  THE  SECOND. 

%  29.  Analysis  of  a  mixture  of  two  Gases  belonging  to 

the  second  series  (S  26,  J 

A.   Of  Carbonic  Acid,  and  either  of  the  following^  -Hy- 
drochloricj  Hydriodic,  Fluoboricy  or  Fluosilicic. 

Pass  up  a  certain  quantity  of  the  mixture  into  a* 
tube  over  mercury,  and  add  one  twenty-fifth  or  one 
thirtieth  of  their  bulk  of  water,  and  agitate  the  tube 
slightly  :  no  sensible  quantity  of  carbonic  acid,  but  the 
whole  of  the  other  gas  will  be  absorbejd. 

B.  Of  Carbonic  and  Sulphurous  Acid  Gases, 

These  may  be  separated  in  the  same  manner  as  the 
preceding,  but  as  water  at  the  common  temperature 
and  pressure  di^olves  only  37  times  its  volume  of 
sulphurous  acid  gas,  it  is  better  to  substitute  frag- 
ments of  borax,  which  readily  absorbs  that  acid,  and 
has  no  action  on  carbonic  acid  (Cluzel.) 

C.  Of  Carbonic  Acid  Gas  and  Chlorine^ 

By  mercury,  which  has  no  action  on  the  first,  and 
very  readily,  absorbs  the  second  at  the  ordinary  tem- 
peratures. 


m 
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D.  Of  Carbonic  Acid  Gas  and  Oxide  of  Chlorine. 

Hydrochloric  acid  gas,  added  in  excess  to  this  mix- 
ture over  mercury,  reduces  the  oxide  of  chlorine  to 
the  state  of  chlorine,  which  will  combine  with  the 
mercury.  If  the  tube  be  agitated,  the  absorption  is 
accelerated ;  the  excess  of  hydrochloric  acid  being 
then  dissolved  by  a  veri/  small  quantity  of  water,  the 
residuum  will  be  pure  carbonic  acid  gas,'  and  this  de* 
ducted  from  the  original  quantity  of  the  mixture,  will 
give  the  quantity  of  oxide  of  chlorine, 

E.  Of  Carbonic  Acid  and  Sulphuretted  Hydrogen 

Gases, 
Like  the  mixture  of  carbonic,  and  the  other  acid 
gases  (39.  A) ;  using  a  solution  of  acetate  of  lead 
instead  of  water,  which  will  absorb  and  decompose  all 
the  sulphuretted  hydrogen,  and  leave  the  carbonic 
acid  untouched, 

F.  Of  Carbonic  Acid  and  Telluretted  Hydrogen  Gases. 

By  chlorine,  which  decomposes  telluretted  hydrogen. 
The  excess  of  chlorine  will  be  absorbed  by  the  mer- 
cury, over  which, the  experiment  must  be  made, 

G.  Of  Carbonic  and  Chlorocarbonic  Acid  Gases, 

By  alcohol,  which  dissolves  the  latter,  and  has  no 
action  on  the  former. 

H.  Of  Sulphuretted  Hydrogen^    a,nd  either    of  the 
following  Gases,    Hydrochloric^  Hydriodicy   FluO' 
boricy  or  Fluosilicic. 

By  water,  like  that  of  carbonic  acid  gas,  &c.  (29,  A.) ; 
but  since  water^  holding  ^  portioq  of  either  of  these 
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gases  in  solution,  dissolves  a  sensible  quantity  of 
sulphuretted  hydrogen,  it  is  better  to  use  borax,  and 
proceed-as  directed  for  the  analysis  of  a  .mixture  of 
carbonic  and^  sulphifrous  acid  gases  (29.  B.J 

I.  Of  Telluretted  Hydrogen  Gas^  and  either  of  the  four 
last  Gases  of  the  preceding  article. 

■ 

Like  the  analysis  of  the  mixture  of  sulphuretted 
hydrogen  with  the  same  gases. 

K.  Of  Sulphurous  and  Hydrochloric  Acid  Gases. 

Dissolve  the  gases  in  water,  and  pour  in  an  aqueous 
solution  of  pure  barya.  Sulphite  of  barya  will  be 
precipitated,  which  must  be  washed  and  dried  without 
contact  of  air  to  prev-ent  the  absorption  of  oxygen  (a), 
and  hydrochlorate  of  barya  will  remain  in  solution. 
The  washings  of  the  sulphite  being  mixed  with  the 
dissolved  hydrochlorate,  add  a  little  pure  nitric  acid 
to  saturate  the  barya  that  was  in  excess,  and  after* 
wards  nitrate  of  silver,  to  decompose  the  hydrochlorate 
of  barya,  and  form  chloride  of  silver,  100  parts  of 
which,  when  well  washed  and  dried,  are  equivalent  to 
d5.23  parts  of  hydrochloric  acid.  The  sulphite  of 
barya,  in  the  same  manner,  will  denote  the  quantity 
of  the  sulphurous  acid  gas  ;  100  parts  of  the  sulphite 
contain  29*2  parts  of  sulphurous  acid.  Suppose  the 
chloride  of  silver  weighs  76.89  grs.  and  the  sulphite 
of  barya  115.58  grs,  the  former  denotes  19.4  grs.  of 
hydrochloric  acid  gas,  the  latter  S3.75  grs.   of  sul- 

(a)  This  may  be  accomplished  by  placing  the  precipitate  under  the 
receiver  of  a  good  air  pump,  over  a  large  surface  of  sulphuric  acid,  and 
keeping  as  perfect  a  vacuum  as  possible,  *tiU  the  whole  of  the  water 
ihall  have  evaporated. 
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jphurons  add  gas.  The  specific  gravity  of  hydrochloric 
acid  gas  is  1.2723  ;  that  of  sulphurous  acid  g;a$4,  2.2131 ; 
tberefbre  100-  cubic  inches  of  the  former  \veii;,h  38.8 
grs.  and  100  of  the  latter  67.5.  '  Consequently  the 
mixture  contained  50  cubic  inches  of  hydrochloric  acid 
gas^and  50  of  sulphurous  acid  gas. 

• 

L.  Of  Sulphurom  and  Fluohoric  Acid  G(Ues. 

Pass  them  into  a  tube  over  mercury,  and  introduce 
yjr^dth  of  their  bulk  of  water,  wJiich  will  dissolve- all 
the  flaoboric  acid,  and  not  act  perceptibly  on  the  sul- 
phurous, especially  if  the  experiment  be  made  at  a 
,  temperature  of  about  90*. 

M.  Of  Sulphurous  and  Ftuosilicic  Acid  Gases, 

Add  successively  to  a  solution  of  these  gases  in 
water,  solutions  of  chlorine,  pure  potassa,  nitric  acid, 
and  nitrate  of  barya.  The  chlorine  will  ohange  the 
sulphurous  acid  into  sulphuric ;  the  potassa  precipitate 
the  acid  fluate  of  silica,  which  remains  in  the  liquor; 
the  nitric  acid  will  saturate  the  excess  of  potassa  ;  and 
the  nitrate  of  barya,  form  with  the  sulphuric  acid,  an 
insoluble  sulphate.  The  liquid  must  be  filtered,  and 
the  filter  washed,  both  after  the  addition  of  the  potassa 
and  of  the  nitrate  of  barya.  The  weight  of  the  sul- 
phate of  barya,  after  being  calcined,  gives  that  of  the 
sulphuric  acid,  from^vhich  thie  weight  of  the  sulphurous 
acid  and  its  volume  may  be  calculated  :  100  grains  of 
sulphate  of  barya,  indicate  2T.2  grs.  of  sulphurous  slcid, 
or  40.3  cubic  inches  (29.  K.) 

N.  Of  JlydrocJiloric  Acid  Gas  and  Chlorine. 
By  mercury,  which  absorbs  the  latter,  and  has  no 
action  on  the  former. 


J 

I 
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O.  0/ Hydrochloric  Acid  and  Telluretted  Hydfogm 

Gases. 

By  water,  which  dissolves  but  very  little  tel'lfirettal 
liydrogen,  and  464  times  its  volume  of  bydrochloric 
acid  gas,  at  the  ordinary  temperature  and  pressvfre. 

P.  Of  Hydrochloric  and  Fluosilicic  Acid  Gases* 

Dissolve  the  gases  in  water^  and  pour  an  excess  of 
barya  water  into  the  solution ;  an  insoluble  fluate  and 
a  soluble  hydrochlorate  will  be  formed,  which  may  be 
separated  by  the  filter,  and  (the  washings  being  add^d 
to  the  .hydrochloric  solution)  by  first  pouring  in  nitric 
acid  to  saturate  the  excess  of  barya,  and  then  nitrate 
of  silver,  chloride  of  silver  will  be  obtained,  whose 
weight  gives  that  of  the  hydrochloric  acid.  A  mix- 
ture of  fluoboric,  and  hydrochloric  acid  gases  may  be 
similarly  analysed. 

Q.  Of  Chlorine^  and  one  of  the  following  Gases ^  Oxide 
of  Chlorine^  Fluosilicic y^  Fluoboric^  Chlorocarbonic^ 
Carbonicy  Sulphurous, 

By  mercury,  which  absorbs  chlorine,  and 'has  no 
action  on  the  others* 


ARTICLE  THE  THIRD. 

30.  Analysis  of  a  mixture  of  three  Gasesy  one  of  them 
absorbable  by  a  solution  of  caustic  Potassa. 

m 

Pass  up  a  small  portion  of  the  alkaline  solution  to 
the  mixture,  in  a  'tube  over  mercury.  When  all  tl^e 
acid  gas  is  absorbed,  measure  the  residuum,  and  sepa- 
rate the  two  gases  which  compose  it,  by  the  processes 
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alre^^j  detailed  (28.)  Should  the  mixture  contain 
two  gases,  absorbable  bj  the  alkaline  solution,  and 
only  one  not  capable  of  combining  with  it,  the  same 
method  may  be  adopted  to  insulate  the  latter,  after, 
which,  the  quantity  of  the  other  two  gases  must  be 
ascertained  by  processes  varying  according  to  the 
nature  of  the  gas. 


ARTICLE  THE  FOURTH. 

« 

§  31.  Analysis  of  a  mixture  of  Jive  Gases  not  absorbable 
•  by  Potassa;  viz.  Oxygen^  Azote y  Hydrogen^  Hy^ 
drurety   or  Bihydruret   of   Carbon^    and    Carbonic 
Oxide. 

The  pressure  and  temperature  being  noted  down, 
pass  100  parts  of  the  mixture  into  a  graduated  tube 
over  mercury ;  introduce  a  little  water  and  a  cylinder 
of  phosphorus,  and  suffer  it  to  remain  till  the  phos* 
phorus  is  no  longer  luminous  in  the  dark ;  (a)  next, 
measure  the  residuum,  the  difference  between  which 
and  the  original  100  parts,  gives  the  quantity  of 
oxygen ;  making  the  necessary  corrections,  if  the 
temperature  or.  pressure  have  varied,  during  the  ex- 
periment ;  (note  §  ,8.)  The  specific  gravity  of  the 
remaining  gases  must  then  be  ascertained,  which  are 
to  be  examined  by  the  mercurial  eudiometer,  like  the 
mixture  of  bihydruret  of  carbon,  and  carbonic  oxide^^ 
(28.  D.)  noting  the  quantity  of  azote  as  mentioned^ 
(28.  F.) 


(a)  The  oxygen  must  not  exceed  one  third  part  of  the  mixture,  t^a^ 
the  phosphorus  may  be  capable  of  absorbing  it*     (See  note,  §  28.  B. ) 


'» 
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ARTICLE  THE  FIFTH. 

»  « 

iSS.  Analysis  of  a  mixture  of  four  (Sasesy  absorbable 
by  solution  of  Potassa;  viz.  Chlorine^  Carbonic^ 
Hydrochloric^  and  Fluoboric  Acids, 

Absorb  the  chlorine  by  mercury,  agitating  the 
apparatus ;  next  pass  up  100  parts  of  the  residuum 
into  a  iresh  tube,  (a)  and  introduce  a  small  portion 
of  water,  which  will  dissolve  the  hydrochloric  and 
fluoboric  acids,  and  leave  the  carbonic  acid  free.  The 
quantities  of  hydrochloric  and  fluoboric  acids  are 
afterwards  to  be  ascertained,  as  already  explained, 
(29.  P.) 

ARTICLE  THE  SIXTh. 

§  33.  Analysis  of  a  mixture  of  four  other  Gases  absorb' 
able  by  solution  of  Potassa;  viz.  Sulphuretted  Hy" 
drogen^  Carbonic^  Hydrochloric^  and  Fluoboric^ 
Acids. 

Introduce  200  parts  of  the  gas,  with  small  pieces  of 
borax,  into  a  tube  over  mercury,  to  absorb  the  hydro- 
chloric and  fluoboric  acids :  the  carbonic  acid  and 
sulphuretted  hydrogen  will  be  left,  and  may  be  sepa- 
rated by  the  process  described  (29.  £.) 

Having  determined  their  proportions,  place  four  or 
five  hundred  parts  of  fresh  gas  in  contact  with  fifteen 
or  twenty  parts  of  water.  The  hydrochloric  and 
fluoboric  acids  will  be  dissolved,  and  may  be  separated 
as  already  directed  (29.  P.)    . 

(a)  Without  this  precaution,  a  portion  of  deuto-chloride  of  mercury 
might  be  dissolve  by  the  water  at  the  moment  of  its  action,  which  would 
prevent  an  accurate  estimate  of  the  quantity  of  acid. 
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ARTICLE  TffE  SEVENTH. 

34.  Analysis  of  a  mixture  of  Oases^  some  of  whie/i 
are  soluble  in  solution  of  Potassa;  "ciz,  AsotCy 
Oxide  and  Deutoxide  of  Azote,  and  Cariivnic 
Acid  (a). 

Absorb  the  carbonic  acid  in  rO&  [)arts  of  the  mix- 
ture over  mercury,  by  a  little  sohition  '  ot  potassa; 
next  deteVnHne  the  quantity  of  d'eutoiide  of  azote,  by 
introducing-  successively  to  a  frevsh  quantity  of  the  gas, 
a  small  portion  of  water,'  a  slight  excess  of  dilorinej 
fend  sujie*  minute  fragments,  of  hydrate  of  potassa. 
The  deutoxide  will  thus  be  converted  into  acid,  and 
dissolved,  and  at  the  same  time  the  carbonic  acid  and 
the  excess  of  chlorine  will  be  absorbed.  Then,  de- 
ducting the  volume  of  carbonic  acid,  which  is  known 
already  by  the  first  experiment,  that  of  the  deutoxide 
of  azote  is  obtained;  after  which  the  oxide  of  azote 
and  the  azote  may  be  separated  by  water  deprived  of 
its  air,  in  the  common  method  (28.  O.) 


ARTICLE  THE  EIGHTH. 

%  35.  Analysis  of  a  mixture  of  the  preceding  Gases  and 

Sulphuretted  Hydrogen. 

.    This   analysis    is   very    similar  to  the    foregoing. 
First  put  a  certainquantity  of  tlie  gas  in  contact  with 


(a)  A  mixture  of  this  kind  is  obtained  by  the  action  of  nitric  acid  OB 
vegetable  and  ajiimal  matter,  except  that  it  is  said  to  contain  a  littU 
hydrocyanic  vapour.  4f  that  be  lo,  the  gas  must  first  be  acted-  on  by 
deutoxide  of  mercury, whi eh  will  absorb  the  vapour^  and  form  a  cya<iide 
of  mercury,  easily  distinguished. 
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a  small  portion  of  super-acetate  of  lead,  to  absorb  the 
sulphuretted  hydrogen.;  the  residuum  being  measured, 
agitate  it  with  a  little  potassa,  to  take  up  the  carbonic 
acid.  For  the  rest  th^  operations,  already  detailed 
must  be  performed,  taking  care  to  deduct  from  the 
absorption  which  the  chlorine,  &c.  will  occasion,  not 
only  the  volume^of  carbonic  acid,  b«t  also  that  of  the 
sulphuretted  hydrogen. 


ARTICLE  THE  NINTH. 

§  36.  Analysis  of  a  mixture  of  Azote^  Deutoxide  of 
Azote^  Hydrogen^  Bihydrurei  of  Carbon^  Carbonic 
Acidy  Carbonic  Oxide,  Sulphuretted  Hydrogen,  Mnd 
Hydrochloric  Acid,. 

Absorb  the  hydrochloric  acid  by  fragments  of  borax^ 
over  mercury;  then  pass  the  residuunji  into  a  gr&* 
duated  tube,  and  treat  it  in  succession  (as  stated  in 
the  preceding  analysis),  with  solutions  of  &uper-acetate 
6f  lead  and  potassa,  the  first  of  which  will  give  the 
qfiautity  of  sulphuretted  hydrogen,  and  the  second 
that  of  the  carbonio  acid.  The  quantity  of  deutoxide 
of  azote  is  to  be  determined,  by  agitating  the  gaseou9 
mixture  (previously  freed  from,  the  ]iydrochloric  and 
carb<»iic  acids,  and  the  sulphuretted  hydrogen)  with 
solution  of  green  sulphate  of  iron.  To  ascertafn  the 
proportion  of  azote,  hydrogen,  bihydruret  of  carbon^ 
and  carbonic  oxidey  a  sufficient  quantity  of  these  gases 
must  be  obtained,  by  placing  the  original  mixture  iu 
contact  successively  with  water,  sulphate  of  iron,  and 
potassa;  after  which  they  must  be  separated  as  already 
detaUed  (§  31.) 
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DIVISION  THIRD. 

Analysis  of  Compound  Gases. 

%  37.  This  branch  of  analysis  was  very  imperfect^ 
till  M.  Qay  Lussac,  observing  that  gases  combine 
ill  some  simple  ratio  of  their  volumes,  pointed  out  the 
method  by  which  the  errors  of  experiment  may  be 
corrected  by  calculation,  and  accurate  results  ob- 
tained. We  reckon  at  present  23  compound  g^ases, 
namely, 

Hydruret  and  bihydruret  of  carbon,  hydruret  and 
bihydruret  of  phosphorus,  arsenuretted,  sulphuretted, 
telluretted,  potassuretted,  and  selenuretted  hydrogen, 
cyanogen,  oxide  of  carbon,  hydruretted  oxide  of  car- 
bon, oxide  and  deutoxide  of  azote,  oxide  of  chlorine, 
carbonic,  chlorocarbonic,  sulphurous,  hydrochloric, 
hjdriodic,  fluosilicic,  and  fluoboric  acid  gases,  and 
.ammonia. 

A.  Hydrurets  of  Carbon.  There  are  two  distinct 
gases,  composed  of  carbon  dissolved  in  hydrogen, 
whose  characteristic^  properties  have  been  noticed 
already  (§  H-  G.  H.)  The  same  method  of  analysis 
is  applicable  to  each. 

Detonate  in  the  n^ercurial  eudiometer,  one  volume  of 
hydruretted  carbon,  with  five  volumes  of  oxygen,  the 
result  will  be  carbonic  acid  and  water ;  measure  the 
residuum,  and  agitate  it  withia  solution  of  caustic 
potassa,  which  will  absorb  the  carbonic  acid,  and  leave 
the  oxygen  that  was  in  excess. 

Suppose  the  gas  under  examination  to  be  hydruret 
of  carbon,  or  ole^ant  gas,  and  that  two  volumes  of 
carbonic  acid,  and  two  of  oxygen  remain  after  deto- 
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nation;  then  three  volumes  of.  oxygen  have  been 
absorbed.  Now  carbonic  acid  contains  a  volume  of 
oxygen  equal  to  its  own ;  consequent!}'  two  volumes 
of  that  gas  have  (combined  with  carbon  and  one  with 
hydrogen.  Again,  two  volumes  of  carbonic  acid  con- 
tain two  volumes  of  the  vapour  of  carbon,  and  one 
volume  of  oxygen  denotes  two  of  hydrogen  ;  hence  it 
follows  that  one  volume  of  hydruret  of  carbon,  is 
composed  of  two  volumes  of  vapour  of  carbon  and  two 
of  hydrogen,  condensed  into  one  volume,  which  agrees 
with  the  specific  gravity  of  olefiant  gas,  for  0.1474 
(twice  the  specific  gravity  of  hydrogen)-}- 0,8346  (twice 
that  of  the  vapour  of  carbon)  =  0.9816.  As  bihy- 
druret  of  carbon  only  requires  two  volumes  of  oxygen 
for  its  complete  combustion,  a  less  quantity  of  that 
gas  is  suflBcient  for  its  analysis. 

B.  There  are  also  two  compounds  of  hydrogen  and 
phosphorus,  which  possess  dit^tinct  properties,  one 
consisting  pf  one  atom  of  phosphorus,  and  one  of 
hydrogen,  the  other  of  one  of  phosphorus  and  two  of 
hydrogen.  Davy  has  named  them  phosphuretted 
hydrogen  and  hydrophosphoric  gas,  and  Thomson 
proposes  to  call  them  hydroguret  and  bihydroguret  of 
phosphorus,  as  I  have  already  mentioned,  <§  9  note  a.) 
T.  From  the  spontaneous  inflammation  which  ensues, 
when  hydruret  of  phosphorus  comes  in  contact  with 
atmospheric  air,  or  oxygen  gas,  its  analysis  by  deto.^ 
nation  with  the  latter  is  not  so  easily  performed,  as; 
that  of  the  hydrurets  of  carbon  ;  it  may  however  be 
mixed  with  oxygen  in  a  narrow  tube,  without  under- 
going spontaneous  combustion,  and  it  is  found  in 
such  experiments  to  require  for  its  complete  decom- 
position, either  one,  or  one  and  a  half  volume  of 
oxygen.     In  the  first  case  Dr.  Thomson  supposes 
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that  hydropho&phorous  acid  and  water  is  foriQed,  in  tht 
second  phosphorous  acid  and  water.  The  most  satis«» 
factory  method  of  analysing  this  gas  is  to  pass  n, 
current  of  electric  sparks  through  it  for  a  considerable 
time  :  phosphorus  is  deposited  and  pure  hydrogen 
remains,  but  the  volume  of  the  gas  is  not  altered^ 
Hence  it  follows  that  hydruret  of  phosphorus  consists 
of  hydrogen  gas,  holding  phosphorus  in  solution;  and 
the  quantity  is  discovered  by  substracting  tlie  specific 
gravity  of  hydrogen  gas  from  that  of  the  hydruret. 

Specific  gravity  oNiydruret  of  phosphor qs     0.81 14 
i .       hydrogen         0.0737 

Phosphorus     . 0.7377 

■  HI    «    I  — — ^1 

So  that  hydruret  of' phosphorus  contains  ^th  its 
weight  of  hydrogen.  Now  rf  we  reckon  the  weight  of 
an  atom  of  hydrogen  1,  and  that  of  an  atom  of  phos- 
phorus iO,  it  is  obvious  that  hydruret  of  phosphorus 
is  composed  of  one  atom  of  hydrogen  ai^d  one  atom  of 
phosphorus.  (Thomson's  Chemistry^  vol.  I,  page  272, 
fifth  edition.) 

C.  Davy  analysed  bihydruret  of  phosphori^s  (hydro- 
phosphoric:  gas)  by  heating  potassi44.ai  in  it.  The 
potassium  combined  with  the  phoepltorus,  pure  hydro- 
gen  rem^uned,  and  the  volume  of  the  gas  was  doubled. 
Bihydruret  of  phosphorus  does  not  burn  spontaneoufilv 
when  mixed  wilh  oxygen,  but  an  explosion  takes 
place  when  the  mixture  is  heated  to  300%  and  fme 
volume  of  the  gas  requires  two  volumes  of  oxygea 
for  its  complete  combustion.  As  bihydruret  of  phos- 
phorus contains  two  volumes  of  hydrogen  ^as  proved 
by  the  action  of  potassium)   it  is  obvious  that  oae 
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Volume  of  the  oxygen  goes  to.  the  formation  of  water  j 
the  remaining  volume  must  have  united  with  the 
phosphorus.  Now  this  is  just  the  quantity  which  the 
phosphorus  in  a  volume  of  hydruret  of  phosphorus 
requires.  Hence  we  may  conclude  that  the  bihydruret 
is  a  compound  of  two  volumes  of  hydrogen  gas^ 
lUiited .  with  the  jsame  quantity  of  phosphorus  that 
exists  in  a  volume  of  the  hydruret,  and  condensed  intp 
one  volume. 

It!^  composition  therefore  must  be 

Phosphorus     .,.....*    0.7377  .  .  10 
Hydrogen       ......    0.1474  .  .     2 

Thus  we  see  that  it  is  a  compound  of  1  atom  of 
phosphorus  and  2  n^toms  of  hydrogen. 

It  is  obvious  also,  that  its  specific  gravity  must  be 
equal  to  the  specffic  gravity  of  hydruret  of  phos- 
phorus, added  to  that  of  hydrogen  gas,  or  0.8114  -|- 
0.0737  =  0  8831. 

Sir  Humphry  Davy  found  it  0.87.     lb, 

D.  Arsenuretted  Hydro2:en  Gas  has  not  hitherto 
been  satisfactorily  analysed.  Gay  Lussac  and  Thenard 
decomposed  it,"  by  heating  it  with  tin;  100  parts 
become  140.  According  to  Tromsdorff,  the  specific 
gravity  of  arsenuretted  hydrogen  is  0.529.  Supposing 
the  above  result  to  be  correct,  it  follows  that  this  gas 
is  composed  of  100  parts  of  arsenic,  and  24  of  hydrogen. 

E.  Sulphuretted  Hydroghn.     (See  ^  153.) 

.  F.  Telluretted  Hydrogen  Gas. -^T his  gas  has  never 
been  analysed  in  a  dii-ect  manner.  It  might  probably 
be  effected  by  electrization,  or  by  heating  it  with 
potassium  in  a  bent  tube  over  mercury;  the  potassium 
would  seize  on  the  tellurium,  and  leave  the  hydrogen 
Jree ;  or  perhaps  tin  or  sulphur  may  answer  the  same 
purpose  j  in  tbo.  latter  case  sulphuret  of  tellurium,  and 
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sulphuretted  hydrogen  gas,  wouldbe  formed  :  the  latter 
icontains  a  volume  of  hydrogen,  equal  to  its  own.  In 
either  ease,  the  analysis  must  be  conducted  in  the 
same  way  as  when  potassium  is  employed,  but  the 
heat  roust  be  greater,  and  continued  longer.  Berze- 
litis  has  endeavoured  to  shew,  by  indirect  experiments, 
that  tellttretted  hydrogen  is  composed  of  100  parts  of 
tellurium,  and  3.1  parts  hydrogen. 

G.  Potassuretted  Hydros^cn.  No  analysis  of  this 
compound  has  been  published,  nor  am  I  aware  that 
its  specific  gravity  is  known.  If  that  were  ascertained, 
the  proportipns  of  its  elements  might  probably  be 
found  by  electrization^  as  in  the  analysis  of  hydruret 
of  phosphorus. 

H.  Cyanogen. — Detonate  100  measures  of  the  gas, 
over  mercury,  with  more  than  200  measures  of 
oxygen,  absorb  the  carbonic  acid  that  will  be  formed 
by  caustic  potassa,  and  note  its  quantity;  next  remove 
the  excess  of  oxygen  by  a  solution  of  green  sulphate 
of  iron,  impregnated  with  nitrous  gas,  and  wash  the 
residuum  with  a  simple  solution  of  green  sulphate  of 
iron,  in  order  to  get  rid  of  any  nitrous  gas  that  may 
have  been  disengaged  from  the  test ;  the  azote  will 
thus  be  left  uncopibined,  and  wiU  be  found,  if  the 
experiment 'has  been  carefully  performed,  to  be  equal 
to  the  original  quantity  of  the  cyanogen,  whilst  the 
carbonic  acid  will  be  equal  to  twice  its  bulk.  Noilr 
as  one  volume  of  oxygeh  combines  with  one  volume 
of  carbon,  and  produces  one  volume  of  carbonic  acid^ 
it  is  evident  that  cyanogen  must  be  composed  of  two 
volumes  of  carbon,  and  one  volume  of  azote,  condensed 
into  the  space  of  one  volume.  This  agrees  also, 
within  a  few  thousandths,  with  the  specific  gravitier 
of  cyanogen  and  its  elements. 


1 

k  3TJ  OF   T«  ANALYSIS   OF   GASES*  51 

Sp.  gr.  of  cyanogen    .    •     .    •    JL8064 
■  ■    ■         vapour  of  carbon      •    0.4rl73 

azote     .    .     .    •     .    0.9687 

and  0.4173  X  2  =  0.8346  -j-  0.9687  =  1.8033. 

L  Oxide  of  Carbon, — Detonate  100  parts  of  oxide 
of  carbon,  with  100  pafts  of  oxygen,  in  the  mercurial 
eudiometer,  by  the  electric  spark;  after  the  explo- 
sion, the  mixture  will  be  reduced  to  150  parts ;  next, 
absorb  the  carbonic  acid,  by  solution  of  caustic  po- 
tassa;  it  will  be  found  to  amount  to  100  parts,  and  the 
remaining  50  will  be  the  oxygen  that  was  in  excess. 
Now  100  parts  of  carbonic  acid,  contain  100  parts  of 
oxygen,  l>ut  100  parts  of  carbonic  oxide  have  taken 
50  parts  of  oxygen  to  form  100  parts  of  carbonic  acid, 
they  must  theretbre  have  contained  50  parts  of  oxygen, 
before  the  detonation*  Th6  specific  gravity  of  car*- 
bonic  oxide  is  0  9737,  that  of  the  vapour  of  carbon 
0.4173  and  that  of  oxygen  1.10ft;  and  0.417S+(*ii2«) 
•553  =  0.9703.  Carbonic  oxide  therefore  consists  of 
a  volume  of  vapour  of  carbon  and  half  a  volume  of 
oxygen,  condensed  into  one  volume. 

K.  Hydruretted  Oxide  of  Carbon* — Dr.  Thomson 
has  very  lately  announced  the  discovery  of  a  new  triple 
gaseous  combination  of  hydrogen,  oxygen  and  carbon, 
to  which  be  has  given  the  name  of  hydroguretted 
oxide  of  carbon.  \  have  taken  the  liberty  to  shorten 
it  a  syllable.  It  is  obtained  by  acting  on  a  mixture 
of  finely  powdered  triple  priissiate  of  potassa,  (fer- 
ruginous hydrocyanate  of  potassa)  and  strong  sulphuric 
acid,  by  heat.  50  grains  of  the  salt  and  1  drachm 
measure  of  sulphuric  acid,  of  the  specific  gravity 
1.884  gave  36  cubic  inches  of  the  gas.  Dr.  Thomson 
eives  the  following  account  of  its  properties.    It  has 
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a  peculiar,  but  not  disagreeable  smell,  a  ratber  aro- 
matic taste,  and  leaves  a  lasting'  sensation  of  heat  in 
the  mouth ;  it  is  not  altered  bj  standing  over  water, 
exposed  to  the  light  Its  specific  gravity  is  0*993.  It 
burns  with  a  blue  flame,  and  detonates  with  oxygen 
by  the  electric  spark;  three  volumes  of  the  gas  require 
for  complete  combustion  two  volumes  of  oxygen,  the 
Residuum  consists  entirely  of  carbonic  acid  gas,  and 
in  volume  exactly  equals  that  of  the  inflammable  gas 
before  detonation.  Now  we  have  seen  in  the  last 
article,  that  three  volumes  of  carbonic  acid  contain 
three  volumes  of  oxygen,  and  three  of  carbonic  oxide 
one  volume  and  a  half:  but  three  volumes  of  the  new 
gas,  have  taken  two  volumes  of  ojgrgen,'  and  three  of 
carbonic  acid  are  formed.  It  must  therefore  be  com* 
posed  of  three  volumes  of  carbonic  oxide,  and  one 
volume  of  hydrogen,  condensed  into  three  volumes ;  for 
the  specific  gravity  of  the  gas^  according  to  Thomson, 
is  0.993,  that*  of  carbonic  oxide  0.9737,  thaf  of  hydro- 
gen, 0.0737;   and  (0.9737  X  3)  g.9211  +0.0737  = 

3 

0.9982  and  consequently  three  half  volumes  of  oxygen, 
have  united  with  the  carbonic  oxide  and  the  remaining 
half  volume  with  the  volume  'of  hydrqgen.  (See 
Annals  of  Philosophy,  August,  1818.) 

L.  Oxide  of  Azote  was  analysed  by  Sir  Humphry 
Davy,  by  detonation  with  hydrogen*  When  one 
volume  of  this  gas  is  mixed  with  one  volume  of 
hydrogen,  and  an  electric  spark  passed  through  the 
mixture,  inflammation  takes  place,  water  is  formed^ 
and  one  volume  of  elastic  matter  remains,  which  is; 
azote.  Now  as  one  volume  of  hydrogen  takes  half  a 
volume  of  oxygen  for  its  conversion  into  water,  it  im 
evident  that  oxide  of  azote  must  be  composed  of  two 
in  volume  of  azote,  and  one  in  volume  of  oxygen^ 
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condensed  into  a  sjace  equal  to  two.     (Elements  of 
Chemical  Philoj^ophy,  p.  106.) 

The  decomposition  of  oxide  of  azote  may  also  be 
accomplished  by  pota&sium  or  sodium^  or  by  heating 
fragments  of  sulphuret  of  barya  in  a  volume  of  the 
gas,  in  a  small  retort  over  mercury,  by  a  spirit  lamp ; 
the  oxygen  will  be  absorbed,  and  a  volume  of  the 
azote  left,  equal  to  that  of  the  gas  employed.  De- 
ducting, therefore,  the  specific  gravity  of  azote,  from 
that  of  its  oxide,  the  difference  will  give  the  quan-* 
tity  of  oxygen;  thus  1.5217—0.9687=,  553;  con- 
sequently oxide  of  azote  is  formed  of  one  volume 
of  azote  and  half  a  volume  of  oxygen  condensed  into 
one  volume,  or  by  weight,  azote  10(^  -["  oxygen  57.08. 
(Ga\  Lussac.) 

M.  Deutoxide  of  Azote^ — fts  analysis  may  be  per- 
formed like  that  of  the  oxide,  by  sulphuret  of  ^arya: 
the  volun^e  of  the  residual  azote  will  be  found  to  be 
just  half  that  of  the  deutoxide.  Now  0.553  (half  the 
specific  gravity  of  oxygen)  4"  0.4843  (half  the  specific 
gravity  of  azote)  ==  1.037  the  specific  gravity  of 
deutoxide  of  azote ;  consequently  thi^  gas  is  composed 
of  equal  volumes  of  azote  and  oxygen  gases,  and 
they  combine  without  sufi^ering  any  condensation. 
By  weight  its  composition  is  azote  100  -j-  oxygea 
113.97.     (Gay  Lussac.) 

N.  Oxide  of  Chlorine.— The  analysis  of  this  gas.  is 
very  simple.  Pass  50  measures  up  a  little  tube  over 
mercury,  and  apply  a  very  gentle  beat,  the  gas  will 
be  decomposed,  with  explosion,  and  its  volume  in- 
creased to  60  measures,  40  of  which  are  chlorine,  and 
20  oxygen ; ,  the  former  may  be  absorbed  by  water,  or 
by  the  mercury.  It  is  evident  from  these  results,  that 
otide  of  chlorine  is  composed  of  two  volumes  • 
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chlorine  and  one  of  oxygen,  which  at  the  moment  of 
their  combination  experience  a  condensation  equal  to 
one*8ixth  of  their  bulk. 

O.  Carbonic  Acid  Gas.     (See  §  130) 
P.  Chlorocarhonic  Actd  Gas.     (See  §  131) 
Q.  Sulphurous  Acid  Gas.    (See  §  139) 
R.  Hydrochloric  Acid  Gas.     (See  §  155) 
S.  Hydriodic  Acid  Gas.     (See  ^  154) 
T.  Fiuosilicic  Acid  Gas.     (See  §  156) 
U.  Fluoboric  Acid  Gas,     (See  §  157) 
V,  Ammonia.^^K  equal  parts  by  bulk  of  oxygen 
gas  and  ammonia  be  detonated  by  the  electric  spark, 
the  alkaline  gas  is  decomposed,  water  is  formed,  and 
azote  disengaged. 

If  ammonical  gas  be  passad  over  red  hot  charcoal, 
its  elements  enter  into  new  combinations ;  azote  is 
set  free,  and  hydruretted  carbon,  and  a  substance 
>  resembling  prussic  acid  are  formed.  If  potassium  be 
fused  in  a  portion  of  ammonia  in  a  small  retort,  th6 
two  bodies  soon  act  on  each  other,  an  olive  green,, 
very  fusible  compound  of  potassium,  azote  and  am- 
monia is  formed,  and  a  volume  of  hydrogen,  exactly 
equal  to  that  which  the  same  quantity  of  potassium 
would  afford  by  its  action  on  water,  is  disengaged. 
If  sodium  be  employed  instead  of  potassiuVn,  analogous 
results  are  obtained.  If  ammonia  bq  passed  over 
either  of  the  following  metals,  strongly  heated  in  a 
porcelain  tube,  the  results  are  extremely  curious. 
Heat  alone  has  not  the  power  to  decompose  ammonia, 
but  when  its  action  is  assisted  by  the  presence  of  iron, 
copper,  silver,  platina,  or  gold,  the  gas  is  converted 
into  hydrogen  and  azote,  and  with  a  facility  propor- 
tionate to  the  degree  of  heat  employed.  Iron  possesses 
the  greatest  action  on  the  gas,  ne^t  copper,  and  sq 


t  37]  or   THB   ANALYSIS   OF   6A8E8.  55 

on  in  the  order  stated.     Neither  of  these  metals*  when 

i »    ' 

pure,  experience  any  diminution  or  increase  of  weight 
from  the  decomposition  of  the  .ammonia,  but  the 
physical  properties  of  some  of  them  are  singularly 
altered ;  the  iron  becomes  brittle,  and  the  copper  so 
extremely  tender,  that  it  can  scarcely  be  touched  with- 
out breaking;  yet  it  is  still  extensible  under  the 
hammer;  its  red  colour  also  changes  to  yellow,  and 
sometimes  it  becomes  whitish  (a).  It  is  very  difficult 
tu  account  for  these  results,  {Thenard,  voU  II,  p.  141,) 
but  these  and  the  other  experiments  mentioned,  suf^ 
ficiently  demonstrate  the  nature  of  ammonia,  and 
that  its  elements  are  hydrogen  and  azote.  To  ascer- 
tain the  proportions  in  which  they  are  united,  .the 
best  method  of  analysis  is  by  electricity.  After  a 
current  of  electric  sparks  has  been  passed  through  a 
given  quantity  of  perfectly  drj  ammonia,  for  a  con- 
siderable time,  it  is  completely  decomposed,  and  its 
volume  exactly  doubled.  The  jiew  gaseous  products 
may  thjen  be  examined  by  detonation  with  oxygen, 
in  the  manner  already  pointed  out  in  the  analysis  of 
other  inflamknable  gases,  and  it  will  be  found  to  con- 
sist of  one  volume  and  a  hadf  of  hydrogen  gas,  and 
half  a  volume  of  azote,  which  when  combined  in  the 
form  of  ammonia,  are  condensed  into  one  volume. 

Hence  ammonia  is  composed  by  weight,  of 
Hydrogen  (.0737  4- 1.5)     .     .    0.11055 
Azote     ..    CV^)      .    .    •    .    0.48435 


.59490 


(^e)  According  to  M.  Ovy  Lussac,  a  nmilar  effect  is  produced,  wh^n 
hydrocyanic  vapour  is  passed  over  iron,  heated  red  in  a  porcelain  tube. 
(An,  de  Ch.  vol.  95.  p.  153) 
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CHAPTER  THE  THIRD. 

Of  the  Analysis  of  Combustible  Bodies. 

DIVISION  THE  FIRST. 

Tq  distinguish  the  simple  unmetallic  Combustibles. 

%  38^  The  number  of  the  undeconi pounded  com- 
bastibles  not  metallic,  properlj  so  called,  is  six ;  viz. 
Hydrogen,  boron,  carbon,  phosphorus,  s.ulphur,'  and 
selenium.  M .  Thenard  has  also  included  iodine  and 
azote  in  t  .e  same  class.  If  the  power  of  cotnbining 
with  oxygen  be  alone  considered  sufficient  to  consti'- 
tute  aconujustible,  whether  heat  and  light  be  deve- 
loped or  not,  they  are  properly  placed  in  that  r^nk, 
but  the  arrangement  adopted  by  Dr  Thofnson  with 
regard  to  iodine,  I  think  preferable,  lyho  places  it  with 
oxygen,  chlorine,  and  fluorine,  as  a  '^  supporter  of 
combustion.'*  The  characters  of  azote,  have  induced 
the  same  author  in  the  last  edition  of  his  Chesuistry, 
to  class  that  body  by  itself.  Sir  Humphry  Davy, 
ivith  more  propriety,  places  it  amongst  the  .unuecom- 
pounded  inflammable  or  acidiferous  substances,  not 
metallic.  I  have  suffered  iodine  to  retain  the  place 
assigned  it  by  M.  Thenard,  as  otherwise  it  must  have 
formed  a  division  by  itself;  since,  from  the  classifica- 
tion adopted  in  this  Essay,  it  cannot  be  put  with 
chlorine  and  oxygen,  as  they  are  gases,  and  the  exist* 
ence  of  fluorine  is  as  yet  only  hypothetical,  however 
strong  the  analogies  which  render  it  probable.  ,  Azot# 
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I  omit  id  this  place  altog;ether;  its  prpper ties  hav« 

been  described  in  the  second  chapter. 

•    A.  Hydrogen^  (see  ^  9.  C.  and  §  I  J.  E.). 

B.  Boron  is  solid,  insipid,  inodorous,  of  a  greenish 
brown  colour,  pulverulent,  infusible,  fixed;  without 
action  on  oxy^n  g^as,  at  common  temperatures,  but 
burns  very  brilliantly  when  heated  in  it,  and  boracic 
acid  is  formed ;  nitric  acid,  with  the  assiHtance  of  a 
gentle  heat  also  converts  it  into  boracic  acid. 

C.  Carbon^  like  boron,  is  solid,  insipid,  inodorous, 
pulverulent,  infusible,  fixed,  and  generally  black: 
when  heated  to  redness  in  an  excess  of  oxygen  gas,  it 
burns  with  great  brilliancy,  and  is  wholly  converted 
into  a  permanently  elastic  fluid,  carbonic  acid* 

D.  Phosphorus  is  ductile,  almost  as  sectile  as  wax ; 
'more  or  less  transparent;  fusible  at  about  104%  and 

luminous  in  the  dark;  it  diffuses  white  vapours  in 
the  air,  at'  ordinary  temperatures ;  absorbs  oxygen, 
and  produces  phosphorous  acid,  and  lastly,  inflames 
violently  by  the  contact  of  a  burning  body. 

£.  Sulphur  is  a  solid,  insipid,  yellow,  volatile 
substance,  fusible  at  342°  Faht. ;  it  burns  with  a  blue 

"flame,  and  is  wholly  converted  into  sulphnrous  acid 
gas,  possessing  the  suffocating  odoui"  of  burning  sul- 
phur. 

F.  Selenium.-^On  visiting  some  sulphuric  acid 
works  at  Gripsholm,  in  which  the  Pyrites  of  Fafalun 
is  employed,  Berzelius  observed,  that  the  bottom  of 
the  large  leaden  chamber  was  covered  with  a  reddish 
coloured  mass  that  had  subsided  (torn  the  liquid  acid. 
It  consisted  chiefly  of  sulphur,  and  inflamed  and  burnt 
like  that  substance,  but  left  a  bulky  ash,  which  gave 
before  the  blow-pipe  a  strong  odour,  similar  to  that  of 

«  ri^dishes,  or  putrid  cabbage,  which  induced  Berzelius 
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to  suppose  it  contained  tellurium :  but  oti  a  miore 
minute  investigation  he  found  it  proceeded  from  a  new 
substance,  which  he  named  Selenium.  •  It  has  the  fol- 
Jowing  properties :  on  becoming  solid  after  fusion, 
when  cooled  rapidly,  its  surface  has  a  metallic  bril- 
liancy, and  deep  browii  colour  resembling  polished 
hematite.  Its  fracture  is  lead  coloured,  conchoid^il, 
glassy,  and  perfectly  metallic.  When  fused  and  cooled 
very  slowly,  its  surface  is  lead-coloured,  uneven,  and 
without  polish  i  and  its  fracture  granulated  and  dull, 
very  like  that  of  metallic  cobalt.  Selenium  does  not 
readily  crystallize,  but  when  it  separates  spontaneous- 
ly from  a  solution  of  hydroselenuret  of  ammonia,  it 
appears  to  affect  the  form  of  cubes.  When  seleniuoi 
is  precipitated  by  zinc  from  a  diluted  solution,  its 
colour  is  cinnabar  red  ;  and  if  the  liquid  and  precipi- 
tate be  boiled  together,  it  contracts,  and  becomes 
almost  black.  Sulphurous  acid  mixed  with  a  very 
dilute  solution  of  selenic  acid,  and  exposed  to  the 
light,  reduces  the  selenium,  and  the  surface  of  the 
fluid  becomes  covered  with  a  brilliant  gold-coloured 
pellicle,  which,  if  taken  off  by  a  piece  of  paper  or 
glass,  and  dried,  resembles  a  pale  gilding,  and  is  per- 
manent. 

Seleniam  gives  a  deep  red  poivder;  in  very  thiii 
laminae,  it  is  translucent,  and  ruby  red.  It  softens  by 
heat,  and  fuses  at  a  few  degrees  above  ^12^.  It  pre- 
serves a  soft  state  as  it  cools,  when  it  may  be  kneaded 
between  the  fingers  like  wax,  or  drawn  out  intothread^„ 
which  have  considerable  elasticity,  and  viewed  \\y 
transmitted  light  are  red ;  by  reflected,  grey,  with  9 
perfect  metallic  brilliancy. 

Heated  in  a  retort,  selenium  boils  below  a  visible 
ired  heat,  and  sublimes  in  the  forn^  of  a  deep  yellow  gi^s^ 
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not  of  so  intense  a  colour  as  the  vapour  of  sulphur, 
but  more  so  than  that, of  chlorine:  it  condenses  ia 
black  drjops  like  mercury.  Heated  in  the  air,  it  gives 
red  fumes  without  any  particular  odour,  and  if  not  ia 
contact  with  a  burning  body,  it  sublimes  without 
alteration,  but  if  it  touch  flame  it  tinges  its  edges  a 
pure  azure  blue,  and  exhales  a  strong  smell  of  putrid 
cabbage  ;  o^ing  to  the  formation  of  oxide  of  selenium. 
Selenium  is  not  a  conductor  of  heat  or  electricity, 
neither  could  Berzelius  render  it  electric  by  friction. 
Selenium  is  easily  scratched  by  the  knife ;  it  is  as 
brittle  as  glass,  and  very  friable ;  its  specific  gravity 
is  between  4.3  and  4.32. 

Berzelius  considers  selenium  a»  a  metal ;  but  its 
transparency  and  glassy  fracture,  the  low  beat  at 
ivhich  it  fuses,  the  soft  state  it  retains  whilst  cooling 
enabling  it  to  be  drawn  out  into  threads,  and  above  all 
its  not  being  a  conductor  of  heat  and  electricity,  deny 
it  a  place  amongst  those  bodies,  notwithstanding  its 
metallic  brilliancy  in  certain  states  and  high  specific 
gravity.  Indeed  Berzelius  himself  seems  to  be  of 
that  opinion,  although  he  decides  to  the  contrary,  for 
he  says,  ^^  according  to  its  chemical  properties  this 
body  ranks  between  sulphur  and  tellurium;  but  it  has 
more  properties  in  common  with  sulphur  than  with 
tellurium."  Surely  its  physical  properties  lead  to 
the  same  conclusion.  (Ann.  de  Ch.  vol.  IX.  p.  171, 
new  series.) 

G.  The  characters  of  iodine  are  very  decided ;  at 
common  temperatures  it  is  solid  and  has  a  metallic 
appearance ;  its  colour  is  bluish,  its  odour  analogous 
to  that  of  chlorine ;  gradually  heated  in  a  matrass  it 
melts,  is  transformed  into  a  violet  coloured  vapour, 
and  condenses  on  the  upper  part  of  the  vessel  in 
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brilliant  plates;  placed  in  contact  with  solution  of 
potassa,  it  disappears  and  forms  iodate  and  hydriodate 
of  potassa,  the  latter  of  which  remains  in  solution,  and 
the  fornoer  is  precipitated ;  from  the  hjdriodate,  the 
iodine  may  be  precipitated  by  solution  of  chlorine. 
The  most  delicate  test  for  iodine  is  starch;  if  added 
to  any  liquid  containing  it,  with  a  few  drops  of  sul- 
phuric acid,  the  iodine  is  indicated  by  a  blue  colour 
of  greater  or  less  intensity.  (Henry's  Chemistry, 
vol.  IL  p.  40.)  ' 


DIVISION  THE  SECOND. 

On  the  distinguishing  Characters  of  the  Metals^  (a.) 

S  S9.  Fipst,  if  when  placed  in  contact  with  water 
at  common  temperatures,  the  metal  suddenly  decom- 
pose it,  with  effervescence,  it  belongs  to  the  second 


{a)  M.  Thenard  divides  the  metals  into  six  sections,  according  to^ 
their  affinities  for  oxygen. 

Section  I.  Contains-  sUiciuniy  zirconium,  aluminiumv  yttrium^ 
glucinium,  magnesium,  and  thorinium.  These  seven  have  never  been, 
reduced,  and  are  classed  with  the  metals  by  analogy  only. 

Section  II.  Comprehends  those  metals  which  absorb  oxygen  gas  at 
the  highest,  and  instantly  decompose  water,  at  all  temperatures,  uniting: 
•  with  its  oxygen,  and  disengaging  the  hy4rogen  with  efieryescence;  they 
are  six,  viz.  potassium,  sodium,  lithium,  baryum,  caldum,  strontium. 

Section  III.  Td  this  section  belong  those  metals  which  absorb  oxygen 
.  gas  at  the  highest  temperatures,  but  riequire  a  red  heat  to  decompose 
water;  it  comprehends  four  metals,  manganese,  zinc,  iron,  tin. 

Section  IV.  The  metals  of  this  section  also  absorb  oxygen  gas  at  the 
■  highest  temperatures,  but  are  incapable  of  decompiSsirig  water  at  any; 
they  are  fourteen  in  nuinher,  viz.  arsenic,  molybdena,  chromium, 
tungsten,  columbium,  antimony,  uranium,  cerium,  cobalt,  titanium 
bismuth,  copper,  tellurium,  and  cadmium.  This  section  is  subdivided 
into  two  parts,  the  first  consists  of  the  first  six  metals,  which  are 
acidifiable;  the  second  of  the  remaining  eight,  which  are  only  oxidable» 


%  39]  COMBtlBTlBLE    BODIES.  4il 

section,  and  to  determine  its  individual  nature,  the 
liquid  must  be  saturated  with  hydrochloric  acid,  con- 
centrated, and  examined  by  the  proper  re-agents. 

A.  Po^a^*! WW. —Solutions  of  subcarbonate  of  po- 
tasssa,  soda,  or  ammonia,  have  no  effect  on  hydro- 
chlorate  of  potassa ;  but  it  is  rendered  turbid  by  a 
solution  of  platina,  and  of  sulphate  of  alumina. 

B.  Sodium. — H  j^drochlorate  of  soda  is  not  rendered 
turbid  by  solutions  of  the  alkaline  subcarb9nates,  nor 
by  a  solution  of  platina,  or  sulphate  of  alumina. 

C.  Lithium — Hydrochlorate  of  lithia  is  not  aifected 
by  either  of  the  tests  mentioned  in  the  last  article. 
When  evaporated  to  dryness,  the  residual  mass  is 
soluble  in  alcohol,  and  imparts  a  crimson  colour  to  its 
flame,  similar  to^that  given  by  strontia,  but  more 
beautiful ;  it  \s  very  deliquescent,  and  fusible  much 
below  a  red  heat;  is  easily  decomposed  by  carbonate 
of  silver,  and  the  carbonate  of  lithia  requires  at  least 
100  parts  of  water  for  its  solution  ;  it  does  not  easily 
afford  regular  crystals  by  evaporation,  fuses  at  an 
incipient  red  heat,  and  if  the  experiment  be  made  on 
silver  or  platina,  becomes  sensibly  caustic  to  the 
tongue.  Nitrate  of  lithia  is  deliqut^scent,  the  sulphate 
is  not,  but  crystallizes  in  four  sided  prisms  with 
rhomboidal  bases,  and  requires  rather  a  higher  heat 
fi>r  its  fusion  than  the  hydrochlorate. 


Section  .V.  Contains  those  metals  which  absorb  oxygen  gas  only  at 
certain  temperatures,  are  incapable  of  decomposing  water,  and  whose 
oxides  are  reduced  wholly,  or  in  part  at  a  red  heat;  they  are  four, 
nickel,  lead,  mercury,  and  osmium. 

Section  Vl.  The  last  section  contains  those  metals  which  neither 
absorb  oxygen  gas  nor  decompose  water  at  any  temperature,  and  whose 
oxides  are  reduced  at  a  heat  below  redness;  they  are  six,  viz.  siiver, 
^Uadkun,  rhodium^  pktina,  gold,  and  iitditim. 
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D.  Baryufn. — Hydrochlorate  of  barya  is  rendered 
turbid  by  solutions  of  the  alkaline  subearbonates,  and 
"when  diluted  with  a  very  large  quantity  of  water, 
sulphuric  acid  forms  a  white  precipitate  in  it,  insoluble 
in  excess  of  acid.  When  concentrated  by  evaporation 
it  affords  crystals  in  the  form  of  square  plates,  on 
which  alcohol  has  no  action. 

E.  Strontium.-r'k  solution  of  the  hydrochlorate  of 
strontia,  is,  like  the  preceding,  rendered  turbid  by 
the  alkaline  subcarbonates  ;  diluted  with  a  great 
quantity  of  water,  sulphuric  acid  occasions  no  pre^ 
cipitate  with  it,  and  when  concentrated,  it  deposits  on. 
cooling,  needle  formed  crystals,  not  deliquescent,  but 
soluble  in  alcohol,  to  which  they  communicate  the 
property  of  burning  with  a  beautiful  crimson  flame.* 

F.  Calcium. — A  solution  of  hydrochlorate  of  lime, 
is  also  rendered  turbid  by  the  subcarbonates  of  potassa, 
soda,  ammonia,  and  lithia  ;  when  largely  diluted  with 
water,  sulphuric  acid  occasions  no  precipitate  with  it, 
but  oxalate  of  ammonia  an  immediate  one  ;  it  is  diiS- 
cultly  cry  stall  izable,  and  the  residuum  left  by  evapo* 
ration  is  deliquescent  and  soluble  in  alcohol. 

^  40.  If  the  metal  have  no  sensible  action  on  water 
at  common  temperatures,  but  dissolves  in  weak  sul- 
phuric acid,  disengaging  hydrogen  gas,  it  must  be 
either  manganese,  zinc,  or  iron. 

A.  Jron-^^A  solution  of  potassa,  soda,  or  ammonia, 

throws  down  from  solutions  of  protoxide  of  iron,  a 

white  or  greenish  white  oxide,  which,  by  contact  with 

'  the  air,  pUvSses.  quickly  to  a  deep  green,  and  then  to  a 

reddish  yellow;  prussiate  of  potassa  (a)  gives  a  preci-^ 


(a)  I  retain  the  old  name  firussiaie,  in  preference  to  the  more  scien- 
tific one  of  ferrugtnoui^  or  ferrohydrocyanate  of  potassa,  not  onlj   on  the 
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pitate  at  first  white,  but'  becoming  deep  blue,  by  ex- 
posure to  the  air,  or  the  addition  of  a  few  drops  of  a 
iBolution  of  chlorine;  and  with  infusion  of  galls,  the 
solution  becomes  first  deep  pu^rple  and  then  blacK. 
If  the  iron  be  in  the 'state  of  peroxide,  the  alkalies 
throw  down  at  once  a  reddish  precipitate,  and  prussiate 
of  potassa  a  deep  blue. 

B.  ^wc— The  caustic  alkalies  produce  with  solu- 
tions of  zinc,  a  white  precipitate,  not  altered  by  expo- 
sure to  air,  and  soluble  in  excess  of  alkali.  Solutions 
of  prussiate  and  hydrosulphuret  of  potassa  also  give  a 
white  precipitate. 

C.  Manganese — Solutions  of  potassa  and  soda  give 
a  white  precipitate  with  solutions  of  manganese,  in- 
soluble in  excess  of  alkali,  and  becoming  chesnut 
brown  by  contact  with  the  atmosphere.  Alkaline 
prussiates  and  hydrpsulphurets  also  give  white  or 
nearly  white  precipitates ;  arid  lastly,  the  oxide  which 
the  alkaline  solutions  separate,  being  dried  and  mixed 
with  five  or  six  times  its  weight  of  subcarbonate  or 
nitrate  of  potassa,  and  exposed  for  a  quarter  of  an 


score  of  brevity  iind  euphony,  (many  of  the  new  names,  by  the  way, 
are  marvellously  cacophonous)  but  also  to  avoid  the  mistakes  that 
■sight  arise,  from  omitting  the  first  part  of  this  long  title  ;  since  the 
action  of  the  simple  hydrocyanates,  and  that  of  the  ferrohydrocyanates, 
on  metallic  solutions,  is  very  different,  as  may  be  seen  by  reference  to 
t^e  table  of  colours  of  the  precipitates,  by  these  reagents,  in  the  Sd  vol* 
of  my  Author's  Treatise,  p.  530,  and  at  the  end  of  the  article  "  hydro- 
cyanic acid,**  in  this  Essay. 

Dr.  Thomson  considers  the  salt  in  question  as  a  compound  of  potassa 
Mod  ferroeyamc  acid,  which  he  thinks  (but  does  not  tell  us  why  he  thinks 
•o)  consists  of  iron  in  the  metallic  state,  and  cyanogen,  and  con- 
sequently that  hydrogen  is  not  one  of  its  elements.  He  adopts  the 
name  of  fetruyanate  of  potassa. — Thomson's  Chemistry,  vol.  2.  p.  295. 
ith  edition. 
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hoor  to  a  redlieat  affords  a  green  niass^  p^isdeesiiig.aU 
the  properties  of  mineral  chamelion  (a). 

^41.  If  the  metal  have  no  action  on  water,  or  dilute 
sulphuric  acid  at  ordinary  temperatures,  but  ijs  acted 
on  by  nitric  acid,  at  least  when  assisted  by  heat,  it 
must  be  one  of  the  following^;- viz<  tin^  antimony, 
niolybdenu,  arsenic,  cobalt,  uranium,  copper,  nickel^ 
palladium,  mercury,  bismuth,  tellurium,  silver,  lead^ 
or  cadmium.  Cobalt,  uranium,  copper,  nickel,  and 
palladium,  being  the  only  metals  of  the  above. fifteen, 
which  ^ive  coloured  solutions  with  nitric  acid,  caif  but 
be  confounded  with  each  other,  and  they  will  readily 
be  distinguished  individually  by  the  properties  of  thekr 
respective  solutions. 

A.  Cobalt. — The  solution  is  violet  red,  and  gives  a 
violet  blue  precipitate  with  alkalies;  a  green  with 
alkaline  prussiates,  and  a  black  with  alkaline  hydro- 
sulphurets.  Lastly,  the  oxide,  separated  from  the 
solution  by  an  alkali,  ha$  the  property  of  colouring  a 
larg^  quantity  of  borax,  producing  a  fine  blue  glass, 
when  fused  with  that  substance  at  a  red  heat. 

B.  Palladium. — The  solution  is  red;  proto-sulphate 
of  iron  reduces  the  metal;  hydrochlorute  of  tin  forms 
with  it  a  black,  and  prussiate  of  potassa,  an  olive 
coloured  precipitate :  lastly,  by  evaporation  to  dry-  ' 
ness,  and  a  red  heat,  both  the  nil  rate  and  the  oxide  are 
decomposed. 

Q.  Copper. — The  solution  is  blue,  or  greenish  blue, 
and  forms  with  potassa  and  soda,  a  blue  precipitate^ 


(a)  Mine/al  chamellon  forms  a  solution  with  water,  which  is  at  first 
green;  but  after  standing  a  few  minutes  becomes  violet  red,  and  de- 
-posits  reddisn  yellow  flakes.  Tlie  effect  is  accelerated  liy  a  drop  or 
two  of  nit^ia  atcid. 
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ipsoluble  in  excess  of  alkali,  and  which  becomes  brown 
by  heat;  with  am monia  a  bluish  white  precipitate^ 
^spluble  ii>  excess  of  ammonia,  and  giving  a  fine  azure 
blue  solution  ;  with  prussiate  of  potassa,  a.  red  browu 
precipitate ;  and,  lastly,  a  plate  of  iron  immersed  in 
,the  solution^  is  immediately  covered  with  a  coat  of 
copper.  ' 

.  D.  Nickel^^Tbe  solution  .is  grass  green;  potassa 
and  soda  throw  down  from  it  a  light  green  oxide; 
ammonia  changes  its  colour  to  a  violet  blue ;  prussiate 
of  pbtassa  gives  an  apple  green  precipitate,  and  hydjt)- 
sulphuret  of  potassa  a  black  one.  A  plate  of  irpn  does 
not  reduce  the  metal. 

£.  Uranium — ,Its  solution  is  yellow,  or  inclining 
to  yellow,  and  by  evapora,tion,  and  cooling,  lemon 
coloured  crystals  separate  from  it ;  prussiate  of  potassa 
throws  down  a  blood-red  precipitate  ;  alkaline  hydro- 
sulphurets  a  brown,  and  potassa,  soda,  and  ammonia, 
a  pale  yellov^f  precipitate,  soluble  in  the  carbonates  of 
potassa  and  soda.  An  iron  plate  does  not  reduce  the 
oxide. 

-  F.  Mercury  is  easily  known  by  its  fluidity  at  coAi- 
mon  temperatures,  and  the  property  of  boiling  and 
l>eing  volatilized  in  the  metallic  state  below  a  red  heat. 

G.  Arsenicy  when  heated  red  without  access  of  air, 
volatilizes,  and  condenses  in  the  upper  part  of  the 
vessel  in  crystals.  Thrown  on  burning  coals,  it  ab- 
sorbs oxygen,  and  passes  to  the  state  of  deutoxide, 
which  flies  ofl^  in  white  vapours,  difi^using  a  strong 
smell  of  garlic;,  heated  with  weak  nitric  acid,  it  dis- 
isolves,  the  solution  on  cooling  deposits  white  crystals, 
and  gives  a  yellow  precipitate  with  sulphuretted  hy- 
lirogen;  lastly,  when  saturated  with  potassd,  so  as 
to  form  both  a  nitrate  and  an  acseniate,  it  gives  a 

£ 
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gteen  pt'ecipitatei  With  deilto-sulphate;  of  copper.-^ 
(C.  Appendix). 

G*.  Tin^  Antimony^  and  Molt/ldena^  afe  distinguished 
from  all  the  other  metals  bj  the  action  of  concentrated 
nitric  acid,  which  does  not  dissolve,  but  converts  them 
into  a  white  or  yellowish  white  powder^  insoluble  id 
the  same  acid* 

H.  Molybdena  is  infusible,  {a)  the  pott^der  into  which 
it  is  converted  by  tiitric  acid,  is  sensibly  soluble  in 
water.  The  solution  teddens  litmus,  and  becomes 
blue,  if  a  plate  of  zinc  or  tin  be  immersed  in  it ;  it 
readily  unites  with  and  saturates  potassa,  soda  and 
ammonia,  forming  soluble  and  crystallizable. salts  with 
the  two  first,  and  with  the  latter  a  salt  which  leaves  a 
syrupy  mass  by  evaporation .  They  are  all  decomposed 
by  the  strong  acids.  * 

I.  Antinioni/  dissolves  in  stilong  aqua  regia,  (&)  the 
solution  gives  a  white  precipitate  with  water,  and  an 
orange  yellow  one  with  sulphuretted  hydrogen.  If 
antimony  be  combined  with  sulphur^  and  treated  witli 


(a)  The  great  powers  of  Brooke's  blowpipe  (in  which  a  stream  ol 
condensed  oxygen  and  hydrogen  gases  in  the  proper  proportions  to 
form  water,  is  employed)  and  of' voltaic  electricity^  to  fuse  the  most 
refractory  suhstancesj  have,  strictly  speakingi  almost  anniliilated  th« 
character  of  infusibility;  hpwever,  as  in  many  cases,  it  is  one  of  great 
importance,  it  would  be  inconvenient  to  reject  it,  but  it  must  hence- 
forth be  employed  with  reference  to  the  heat  of  the  furnace  and  the 
common  blowpipe.  I  found  molybdena  fuse  very  readily  by  a  current 
of  electricity  from  a  voltaic  battery  of  twenty  pairs  of  plates,  each  platt 
of  sixteen  feet  surface,  and  it  immediasely  yields  to  the  power  of  Brooke*i 
instrument.     (Phil.  Trans.  1815.) 

(b)  Thenard  calls  this,  more  correctly,  hydro-chloro-nitric  acid,  I 
retain  the  shorter,  old  name.  I  need  hai^ly  add,  that  it  is  a  mixture  <lf 
nitric  aod  hydrochloric  acids. 


I 


} 
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a  solution  of  sub-carbonate  of  soda,  it  produces  the 
substance  formerly  cMed  Kermesj  a  part  of  which 
separates  from  the  liquor  on  cooling  {a)i  , 

K,  Tin  is  ductile,  dissolves  by  heat  in  hydrochloric 
iacid,  with  disengagement  bf  hydrogen  gas,  and  forms 
tiro  hydrochlorates,  not  decom possible  by  water :  the 
one  gives  a  brown  precipitate  with  sulphuretted  hy- 
drogen, and  partially  deoxy dates  several  substances^ 
as  the  acids  of  arsenic  and  the  hydrochlorate  of  gold) 
with  the  latter  of  which^  it  produces  the  purple  pre- 
tipitate  of  cassius ;  the  other  hydrochlorate  of  tin 
gives  a  pale  yellow  precipitate,  with  sulphuretted 
hydrogen,  and  has  no  effect  on  solutions  of  gold. 

K*.  Bismuth,  tellurium^  silver^  lead,  and  cadmium, 
like  mercury  and  arsenic,  give  colourless  solutions 
with  nitric  acidi 

L.  Bismuth  is  brittle,  very  fusiblfe,  and  its  solutiop 
in  nitric  acid  is  precipitated  white  by  water^  and  black 
by  sulphuretted  hydrogen. 

M.  Tellurium  is  brittle,  very  fusible  and  volatile ; 
lieated  by  the  blowpipe  it  burns  with  a  blue  flame, 
forming  an  oxide,  which  sublimes  in  while  vapours^ 
exhaling  sl  smell  similar  to  tfiat  of  radishes/  (b)  it9 


(a)  Kerines  is  a  hydrosiifphuret  of  jtatimony,  of  a  beautiful  orange 
^lour,  which,  by  exposure  to  the  air,  gradually  absorb?  oxygen  and' 
becomes  white,  giving  off  sulphuretted  hydrogen. 

(f)  According  to  some  late  experiments  of  Berzelius,  pure  tellurium 
fives  no  smell,  either  wKen  heated  before  the  blowpipe,  or  when  its 
oxide  is  reduced ;  and  ihe  only  mo^e  by  which  the  odour  of  radishea  can 
be  produced  from  it,  is  to  he^t  the  metal  in  a  glass  tube,  closing  the  eud( 
by  the  finger,  so  that  its  vapour  may  force  a  passage^hrough  the  softened 
iflass.  It  then  burns  as  it  escapes  through  the  hole  with  a  blue  flamei 
ftud  exhales  the  odour  in  question.    (An.  de  Ch.  T.  9.  p.  164«) 

fig 
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solution  in  nitric  acid  is  precipit^ited  white  by  water^ 
and  orange  brown  by  sulphuretted  hydrogen.  The 
precipitate  formed  in  it  by  potassa  and  soda,  is  re- 
dissolved  by  an  excess  of  alkali. 

N.  Silver  is  ductile,  and  not  oxidable  by  the  air; 
its  solution  in  nitric  acid,  forms  a  precipitate  with  the 
hydrochlorates,  ins6luble  in  excess  of  nitric  acid,  but 
very  soluble  in  ammonia ;  the  oxide,  separated  from  it 
by  potassa  or  soda,  is  reduced  by  a  low  red  heat. 

O.  Lead  is  ductile,  and  very  fusible.  Its  solution 
in  nitric  acid  has  a  sweet  taste,  is  precipitated  white 
by  sulphuric  acid,  and  sulphates,  and  black  by  sul* 
phuretted  hydrogen,  and  when  evaporated  and  cal- 
cined, a  yellow  oxide  is  obtained,  which  by  fusion  is 
converted  into  litharge. 

P.  Cadmium  is  a  new  metal,  lately  discovered  by  If  i 
Stromeyer.     It  possesses  the  following  properties  : 

In  hardness,  ductility,  and  external  appearance;,  this 
metal  has  great  resemblance  to  tin,  and  is  said  to  give 
the  crackling  noise  when  bent,  hitherto  supposed  to  be 
peculiar  to  that  metal.  Its  specific  gravity  at  60®  is 
8.67,  when  hammered  9»05.  It  /uses,  considerably 
below  a  red  heat,  and  is  very  volatile. 

It  dissolves  with  great  facility  in  cold  diluted  nitric 
acid,  and  the  solution,  evaporated  to  dryness^  yields 
a  deliquescent  salt,  soluble  in  alcohol,  to  the  flame  of 
which  it  does  not  impart  any  colour.  Neither  suU 
phuric  nor  hydrochloric  acids  act  readily  on  cadmium 
in  the  metallic  state,  but  they  instantly  dissolve  its 
oxide.  The  hydrochlorate  evaporated  to  dryness  at- 
tracts moisture,  and  is  wholly  volatilized  at  a  heat 
below  redness. 
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A  oeutral  solution  of  nitrate  of  cadmium  gave  witbi, 

k  white  precipitate. 


•  •  • 


Prussiate  of  potassa 

Hjdrosulphuret  of  ammonia     a  fine  briglit  yellow. 

ditto.     When  heated  it 
Solution   of  sulphuretted 

hydrogen  ..••••• 


passes  to  a  crimson, 
but  becomes  yellow 
again  on  cooling. 


>Vith  the  alkalies  and  their 


carbonates 


} 


a  white  precipitate. 


Chromate  of  potassa, 
Tincture  of  galls, 
Sulphate  of  soda, 
Succinate,  and 
Benzoate  of  ammonia. 


no  precipitate. 


Zinc  readily  precipitates  cadmium  in  the  metallic 
st^te,  from  its  solution  in  hydrochloric,  or  sulphuric 
acid,  but  not  so  readily  from  its  solution  in  nitric  acid. 

The  white  oxide  thrown  down  by  ammonia  from  its 
solution  in  an  jftid,  is  rediss>olved  by  an  excess  of 
ammonia ;  pure  potassa  does  not  dissolve  the  oxide, 
but  precipitates  it  from  the  ammoniacal  solution. 
(See  Journal  of  Science,  January,  1819.) 

Cadmium  does  not  tarnish  by  exposure  to  the  air, 
at  common  temperatures,  but  by  l\eat,  is  converted 
into  a  fixed  oxide,  of  an  orange  yellow  cqlour,  easily 
reducible  to  the  metallic  state.  The  oxide  of  cadmium 
gives  no  colour  to  borax,  and  its  solutions  in  the  acid» 
are  also  colourless.  (Annales  de  Chiraie,  vol.  8. 
p.  100.  new  series  )  . 

§  4S.  If  the  metal  have  no  sensible  action  on  con- 
centrated and  boiling  nitric  acid,  but  be  attacked  by 
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aqua  regia,  it  must  be  either  osmiuin,  tungsten^  cerium^ 
gold^  or  platina. 

A*  Osmium^  when  oxidated  by  being  heated  in  cbn* 
tact  with  the  air,  evaporates  and  exhales  a  strong 
odour,  analogous  to  that  of  chlorine;  when  calcined 
with  an  equal  weight  of  nitrate  of  potassa,  in  a  small 
retort,  it  yields  a  white  sublimate,  which  has  a  similar 
odour,  is  very  caustic,  very  fusible,  burns  vividly  with 
ignited  charcoal  like  nitre,  and  forins  a  colourless  solu- 
tion in  water,  ^hich  becomes  blue  by  infusion  of  galls, 
and  has  the  same  odour  as  the  sublimate.  Zinc,  al- 
cohbl,  and  ether,  separate  blackish  flakes.  Lastly,  by 
distillation,  even  after  being  mixed  with  an  acid,  a 
liquor  passes  into  the  receiver,  which  possesses  the 
same  properties. 

B.  'tungsten  yxelA^^  by  calcination  with  an  equal 
w'eight  of  nitrate  of  potassa,  a  mass  in  great  measure 
soluble  in  water;  the  solution  is  colourless;  hydro- 
chloric acid  occasions  a  white  precipitate,  which,  by 
an  exc^^s  of  boiling  acid,  biecomes  yellow,  and  pos- 
sesses the  properties  of  tungstic  acid.  This  acid  is 
yellow,  inodorous,  insipid,  solid,  much  heavier  than 
water;  does  not  redden  paper  stained  with  litmus; 
neither  fuses,  nor  is  decomposed  in  the  furnace,  nor 
experiences  any  change  when  heated  in  the  air,  or  in 
oxygen  gas.  It  is  difficultly  reducible  by  heat  with 
carbonaceous  matter,  and  combines  with  bases  and 
forms  neutral  sal ts^ 

C.  Cerium  dissolves  with  heat  in  aqua  regia ;  the 
solution  when  deprived  by  boiling  of  its  exbess  of  acid 
is  colourless,  and  sweet ;  it  gives  white  precipitates 
with  prussiate,  apd  hyd^osulphuret  of  potassa;  is 
n6,t  made  turbid  by  sulphuretted  hydrogen  nor  infusion 
of  galls ;  potassa,  soda,  and  ammonia,  separate  from 
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it  a  white  oxide,  insoluble  in  excess  of  alkali,  wbich 
by  calcination,  absorbs  oxygen  from  the  air,  and 
becomes  browQ  red ;  tartrate  of  potassa  forms  a  white 
precipitate,  which  by  calcination  assumes  the  same 
colour  as  the  oxide,  and  by  the  action  of  boiling 
hydrochloric  acid,  affords  chlorine,  and  a  colourless 
deliquescent  hydrochlorate ;  with  nitric  acid  it  gives 
a  salt  of  a  yellowish  colour.  . 

D.  (roM*  dissolves  in  aqua  regia,  the  solution  is 
yellow ;  it  is  precipitated  purple,  or  violet,  or  blackish 
brown  by  .hydrochlorate  of  protoxide  of  tin ;  and  is  not 
affected  .by  the  hydrochlorate  of  the  deutoxide  of  that 
metal :  it  is  immediately  reduced  by  sulphate  of  iron 
and  the  yellowish  brown  precipitate  assumes  by  cal* 
^nation  the  appearance  of  unpolished  gold;  lastly, 
ammonia  separates  from  it  a  yellowish  powder,  which 
lyhen  dry,  detonates  by  heat. 

£.  Plattna  gires  with  aqua  regia  a  yellow  solution 
inclining  to  orange,  which  is  not  precipitated  by  8ul« 
phat^  of  iron ;  when  concentrated,  salts  with  base  of 
potassa  or  ammonia,  throw  down  from  it,  a  yellow  pre- 
cipitate soluble  in  water;  that  with  hydrochlorate  of 
lunftionia  is  reduced  by  a  red  heat  to  the  metallic  state. 

%  43.  If  the  metal  be  not  acted  on  either  by  boiling 
pitricacid,  or  aqua  regia,  it  must  be,  either  chromium^ 
titanium,'  columbium,  rhodium,  or  iridium. 

X,  Chromium^  when  triturated,  and  mixed  with  an 
equal  weight  of  nitrate  of  potassa,  and  heated  to  redness 
•  for  half  an  hour,  affords  a  yellowish  mass,  soluble  in 
water,  to  which  it  imparts  the  same* colour;  the  excess 
of  alkali  being  saturated  with  nitric  acid,  the  solution 
precipitates  nitrate  of  silver  purple,  acetate  of  lead 
bright  yellow,  and  acid  nitrate  of  mercury  red.  The 
last  precipitate,  ej|:posed  to  astroiig  heat,  gives  a  green 
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oxide,  fusible  with  borax,  to  whicb  it  imparts  ati 
emerajd  green  colour. 

B.  Titanium  is  of  a  copper  red  colour ;  by  calci* 
nation-  iu  contact  with  air,  it  becomes  blue:  when  ' 
heated  to  redness  with  dn  equal  weight  of  nitre,  and 
the  nKisS'  lixiviated  with  a  large  quantity  of  water, 
the  residuum  forms  a  pale  yellow  solution  with  hydro- 
chloric  acid,  which  when  freed  from  excess  of  acid  by 
concentration,  gives  a  blood-red  precipitate  with 
infusion  of  galls,. a  red  with  prussiate  of  potassa,  t^. 
deep  grass  green  with  hydrosulphuret  of  potassa,  and 

a  white  with  alkalies ;  it  is  not  made  turbid  by  sul* 
phuretted  hydrogen.  If  a  bar  of  tin  be  immersed  in 
it,  it  assumes  a  red  tinge,  and  a  blue  one  with  a  plat^ 
of  zinc;  lastly,  by  evaporation,  it  becomes  o^elatinous 
and  nearly  insoluble  in  water. 

C.  Columhium  (a)  by  calcination  with  nitrate  of 
potassa,  yields  a  mass  which  treated  with  weak  nitric 
acid,  and  well  washed,  leaves  a  residuum  of  columbii^ 
acid,  possessing  the  following  characters  : 

It,*ia  white,  pulverulent,  insipid,  inodorous,  faintly 
reddens  litmus,  is  infusible  and  indecomposjable  by  . 
heat,  and  sparingly  soluble  in  water.    When  an  excess 
of  columbic  acid  is  boiled  with  a  solution  of  potassa, 
it  forms   a  salt  having  a  sharp   disagreeable  taste, 


{a)  It  is  with  peculiar  pleasure  I  retain  this  name,  originally  assigned 
it  by  Mr.  Hatchett,  who  first  made  the  metal  known  to  us,  and  very. 
properly  adopted  by  Mons.  Thenard.  Th^t  the  term  should  ever  have 
been  changed  to  that  of  "  tantalunty*  in  England  especially,  seems  very 
extraordinary,  for,  without  detracting  from  the  merit  of  Mons.  Ekeberg, 
the  subsequent  discoverer  of  the  same  substance  in  the  Swedish  mineral' 
called" tai^talite,  that  of  priority  is  evidently  the  right  of  oux  enlightened 
countryn;an;  and  the  minute  portion 'on  which  he  was  obliged  ta 
operate,  enhances  the  praise  due  to  his  expeiiment?.  See  PhiloaopmcsU 
Trausactioiw,  1802.  . 
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which  crystallizes  in  brilliant  plates  like  boracic  acid^ 
requires  a  large  ^quantity  of  water  for  its  solution,  and 
is. thrown  down  again  by  all  the  strong  acids.  Boilin|^ 
hydrochloric  and  sulphuric  acids  dissolve  it,  and  th^ 
solutions  givie  an  olive  coloured  prescipitate  with  prus* 
siate  of  potassa,  a  reddish  brown  with  hydrosulphuret 
of  ammonia,  a  bright  orange,  with  infusion  of  galls^ 
and  a  white  with  alkaline  carbonates.  The  sulphate 
also  becomes  milky  with  water,  and  by  the.  action  of 
concentrated  phosphoric  acid,  is  converted  into  a 
white  opake  jelly,  but  the  hydrochloric  solution  is 
affected  by  the  phosphoric  acid  only. 

D.  Rhodium  is  a  brittle,  white  metal,  extremely 
difficult  of  fusion.  Yauquelin  could  not  fuse  it  on 
charcoal,  .  though  the  combustion  was  urged  by  a 
current  of  oxygen  gas.  Dr.  Wollastorr,  who  dis- 
covered this  substance,  fused  it,  but  not  so  perfectly  as 
to  be  free  from  cavities.  Its  fracture  is  granular,  and 
its  hardness  about  that  of  iron;  it  is  insoluble  in  all 
the  acids,  and  has  no  action  on  the  air  or  on  oxygen 
gas. '  When  strongly  calcined  with  potassa  or  nitre, 
and  the  mass  treated  with  water,  the  I'esiduura  gives 
a  red  solution  with  hydrochloric  acid,  capable  of  form- 
ing rose  coloured  triple  salts  with  the  alkalies,  inso- 
luble in  alcohol,  and  readily  obtained  in  crystals. 

E.  Iridium  dissolves  with  difficulty  even  iu  concen- 
trated aqua  regia,  but  calcined  with  potassa,  or  nitre, 
it  oxidates  and  gives  a  black  pulverulent  mass,  which 
imparts  a  blue  colour  to  water;  the  insoluble  residuum 
forms  a  blue  solution  with  hydrochloric  acid,  becom- 
ing by  the  action  of  heat  successively  green,  violet, 
purple,  and  yellowish  red,  colours  that  are  imme- 
diately destroyed  by  sulphate  of  iron,  and  sulphuretted 
hydrogen,  and  restored  by  chlorine.    A  very  small 
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portion  of  the  hydrochlorate  of  iridium  occasions  m 
brick  red  precipitate,  when  hydrochlorate  of  ammonia 
is  added  to  a  solution  of  platina.  If  liquid  ammonia 
be  poured  gradually  into  a  solution  of  hydrochlorate 
of  iridium,  sufficiently  concentrated,-  it  deposits  a 
great  quantity  of  small  brilliant  crystals  of  so  deep 
a  purple  as  to  appear  almost  black ;  a  few  grains  of 
these  crystals  give  an  orange  red  colour  to  a  large 
quantity  of  water,  which  jsulphate  of  iron,  sulphuretted 
hydrogen,  and  metallic  iron,  9»nc,  or  tin  immediately 
destroys. 


.     SECTION  THE  THIRD, 

Analt/sis  of  Metallic  Alloy s^  (a). 

§  44,  First  place  the  alloy  in  contact  with  water^ 
al  the  common  temperature;  if  it  contain  potassium, 
sodium,  lithium,  barium,  strontium,  or  calcium, 
hydrogen  gas  will  b^  disengaged,  and  the  liquor  be? 
come  alkaline ;  next,  add  an  eiji^cess  of  subcarbonate 
of  ammonia,  to  convert  the  different  oxides,  arising 
from  the  decomposition  of  the  water  into  carbonates ; 
filter  the  liquor  to  separate  the  insoluble  carbonate^ 
of  barya,  ^trontia,  and  lime,  and  evaporate  the  filtered 
liquid  to  dryness,  by  which  the  sub-carbonates  of 
potassa,  soda,  and  lithia,  will  l^e  obtained.  Re-disr 
solve  them  in  water,  neutralize  them  by  sulphuric 
acid,  and  submit  the  sulphates  to  crystallization.  The 
sulphate  of  potassa,  being  the  least  soluble,  will  cry9r 
tallize  first,  and  may  thus  be  separated  from  the  other 


(a)  The  metaU  are  supposed  to  be  merely  mixed,  and  to  have  n© 
pther  action  on  re-agents  tha|i  they  possess  separately,  which  is  QOft 
Btrictly  correct. 


%  4S]  ton BUSTlBXiE   BODlfiff*  Tjt 

two ; '  it  affects  the  form  of  octohedrons.  The  remain^ 
ing  sulphates  of  soda  and  lithia,  are  too  equally  soluble 
to  be  separated  in  the  same  manner,'  therefore  convert 
them  both  into  hydrochlorates,  by  adding  hydrochlcM 
rate  /Of  barya  till  it  cease  tp  occasion  any  further 
precipitate ;  filter,  evaporate  the  solution  to  dryness, 
and  digeist  the  residual  mass  in  ^trong  alcohol.  The 
hydrochlorate  of  lithia  will  be  wholly  dissolved,  and 
the  common  salt  rernam  untouched.  If  the  liquid 
when  considerably  reduced  by  evaporation  occasion 
no  cloud  with  concentrated  solution  of  platina,  there 
is  no  necessity  for  crystallizing  the  salt,  since  it  can 
only  in  that  case,  contain  the  sulphates  of  soda  and 
lithia.  The  insoluble  carbonates  must  be  collected 
from  the  filter,  and  dissolved  in  hydroehloric  acid, 
the  solution  evaporated  to.  dryness,  and  the  residuuoi 
heated  with  successive  portions  of  boiling  alcohe^y 
which  has  no  action  on  hydrochlorate  of  batya,  but 
readily  dissolves  the  hydrochlorates  of  strontia  and 
lime.  Next  dilutie  the  alcoholic  solution  with  water, 
pour  in  sub-carbonate  of  potassa,  which  immediately 
throws  down  the  strontia  and  lime  in  the  form  of 
carbonates,  to  separate  which  thte  j^recipitate  must  be 
re-dissolved  in  nitric  acid,  and  the  solution  again 
evaporated  to  dryness.  Boiling  alcohol  will  then  take 
up  the  nitrate  of  lime  and  leave  the  nitrate  of  strontia 
undissolved. 

4  45.  If  water  have  no  action  on  the  alloy,  boil  it 
with  weak  sulphuric  acid ;  the  manganese,  iron,  and 
zinc,  (and  even  the  nickel,  according  to  M.  I'upputi,) 
which  it  may  contain,  will  be  dissolved,  and  hydrogen 
gas  evolved,  as  in  the  preceding  case,  If  thet  ffUoy , 
^contain, 


f6  ,0F  THE   ANALYSIS   Off  [§  46 

.  A*  Irofiy  its  solution  gives  a  precipitate  with 
prussiate  of  potassa,  at  first  white,  but  which,  bj  ex* 
posure  to  the  air  or  the  action  of  chlorine,  become^ 
fkrk  blue. 

B.  Nickely  ammonia  gives  a  clear  violet  blue 
solution  with  it,  when  the<  oxides  insoluble  in  that 
nlkali  are  separated  hy  the  filter. 

C.  ZinCf  the  iron  of  the  solution  being  peroxidat- 
0d)  by  boiling  it  with  nitric  acid,  pour  in  subcarbonate 
of  potaasa,  and  digest  the  precipitate  in  caustic  fixed 
alkali ;  filter  and  mix  the  alkaline  solution  bv  degrees, 
with  a  small  excess  of  nitric  acid:  white  flakes  will 
fall  down,  and  almost  immediately  be  re-dissolved,  and 
a  nitrate  formed,  which  will  produce  with  the  alkalies, 
0e  hjrdrosulphurets,  and  alkaline  prussiates,  all  the 
phenomen'a  mentioned  in  speaking  of  zinc.  (40  B.) 

.^  D.  Manganese. — To  ascertain  if  this  metal  be  con- 
tained in  the  alloy,  let  the  precipitate  which  remained 
undissolved  by  the  caustic  fixed  alkalies,  in  tlie  exa- 
inination  for  zinc,  be  treated  with  ammonia,  well 
washed,  and  dissolved  in  nitric  acid ;  next  evaporate 
the-solution  to  dryness,  and  heat  it  to  about  400°. 
If  manganese  be  present,  water  will  then  form  a  solu- 
tion, which,  being  ievaporated,  will  yield  a  fresh  resi- 
duum capable  of  affording  the  mineral  chamelion  by 
farion  with  potassa. 

^  46.  After  the  action  of  water  and  dilitted  sulphuric 
acid,-  strong,  boiling  hydrochloric  acid  is  next  to  be 
employed.  If  hydrogen  gas  be  evolved  by  the  action 
ef  the  acid,  and  the  solution  gives  with  goW  a  brown 
or  pihrple,  and  with  sub-carbonate  of  potassa  a  white 
precipitate,,  th^  latter  insoluble  in  strong  nitric  acid, 
the  alloy  contains  tiii. 
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§  47.  After  the  successive  action  of  water,  v^eak 
sulphuric  and  hydrochloric  acids,  treat  the  tnixturt 
with  boiJing  nitric  acid,  which  will  dissolve  or  at  least 
oxidate  the  arsenic,  molybdena,  antimony,  cobalt,  - 
uranium,  bismuth,'  tellurium,  copper,  nickel,  lead, 
mercury^  silver,  palladium,  and  cadmium ;  but  havi& 
no  sensible  action  on  chromium,  tungsten,  columbium, 
titanium,  cerium,  osmium,  rhodium,  platina,  gold,  or 
iridium..  Dilute  the  solution  with  water,  if  that  fluid 
do  not  make  it  turbid,  and  filter  and  wash  the  resi- 
duum ;  but  if  water  disturb  its  transparency  the 
solution  must  be  diluted  with  weak  nitric  acid,  which 
will  prodnce  no  change  in  it.  The  residuum  being 
separated  by  the  filter,  and  well  washed  with  the 
same  diluted  acid,  must  be  then  treated  with  hydro- 
chloric acid,  to  dissolve  those  metals  which  the  nitric 
had  only  oxidated,  namely,  the  portion  of  antimony, 
and  tin,  that  may  have  escaped  the  first  action  of  thb 
hydrochloric  acid,  the  arseniate  of  bismuth,  if  arsenic 
and  bismuth  were  present,  and  perhaps  also,  some 
molybdate :  the  two  solutions  are  then  to 'be  examined. 

§  48.  First  solution. 

A.  The  excess  of  nitric  acid  must  be  driven  ofi^  by 
evaporation,  at  a  moderate  beat;  if  the  solution  be- 
come turbid  during  the  operation,  it  probably  con- 
tains an  arseniate  or  molybdate,  and  perhaps  both. 
To  ascertain  this,  separate  the  precipitate,  wash  it 
with  water  or  weak  nitric  acid,  and  treat  it  with 
faydrosulphuret  of  potassa,  which  will  convert  it  intd 
H  soluble  arseniate,  or  molybdate  of  potassa,  and  ati 
insoluble  sulphuret  of  the  metal  with  which  either 
acid  was  combined^  Then  saturate  the  liquid  with  an 
acid,  filter,  and  try  it,  as  well  as  the  sulphuret  whic}^ 
6iay  have  b^en  formed,  by  the  proper  tests. 


re 
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B*  If  molybdic  acid  be  present^  Sulphuric  acid  will 
throw  it  down  from  the  coiiceatratiad  liquid  as  a  white 
powder. 

C.  If  the  solution  contain  arsenic  acid^  evaporate 
it  to  dryness,  mix  the  residuum  with  dry  soap^'  and 
calcine  it  in  a  small  earthen  retorti  arsenic  will  sub^ 
lime  and  ci^stallize  in  the  neck  of  the  retort.  As  to 
the  sulphuret,  aqua  regia  will  dissolve  the  metal  it 
contains,  which  must  be  one  of  those  just  mentioned^ 
and  therefore  easily  recognised ^ 

The  first  concentrated  solution  must  now  be  ^xa« 
mined  for  bismuth,  palladium,  silver,  lead,  copper, 
tellurium,  mercury,  cobalt,  uranium,  and  cadmium* 
If  it  contain, 

D.  Bismuth  J  water  precipitates  a  white  oxide^ 
which  when  washed,  is  blackened  by  sulphuretted 
hydrogen,  fuses  at  a  red  heat  into  a  yellowish  mass^ 
fand  is  reduced  on  charcoal  before  the  blow-pipe,  af» 
fording  a  very  fusible  And  brittle  metaL 

£.  Leady  after  the  solution  is  diluted  with  water, 
it  affords  with  sulphuric  acid,  or  sulphates,  a  white 
precipitate,  which  sulphuretted  hydrogen  immediately 
blackens,  like  the  preceding:  the  precipitate  also 
being  boiled  with  solution  of  nitrate  of  barya,  affords 
a  liquid,  from  which  white  crystals,  having  a  sweet 
taste,  like  those  obtain*ed  by  treating  litharge  with 
nitric  acid,  separate  by  evaporation. 

F.  Silver.' — If  after  the  action  of  water  and  suU 
phuricacid,  hydrochloric  acid  occasions  a  white,  flocu* 
lent  precipitate,  insoluble  in  an  excess  of  acid,  but- 
very  solublean  ammonia,  the  alloy  contains  silvei;. 

G.  Palladium, — Green  sulphate  oi*  iron  separates 
this  substance  from  its  solution  in  the  metallic  stat6« 
It  is  iEi  white  brilliant  metaL  and  forms  a  red  solution 
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with  nitric  acid,  from,  which  a  brown  powder  is  thrown 
down  by  hydrochlorate  of  protoxide  of  tin. 

H,  Copper. — If  this  metal  bc^  present,  a*  polished 
plate  of  iron  immersed  in  the  solution,  soon  becomes 
covered  with  a  red  metallic  coating  of  copper. 

I.  Tellurium^ — After  the  bismuth,  lead,  silver,  and 
palladium. are  separated,  if  tellurium  be  present^  sub« 
carbonate  of  potassa  will  give  a  precipitate  partlf 
soluble  in  caustic  potassa;  when  this  alkaline  solution 
ts  neutralized  by  an  acid,  it  deposits  a  white  oxide, 
which  being  mixed  with  lamp  black  and  oil,  and  cal- 
cined in  a  retort,  the  metal  is  obtained  in  the  form 't^ 
bluish  white  globules,  sublimed  in  the  upper  parts  of 
the  vesseli  ' 

K.  Mercury ^^ — Heat  to'redness  in  a  retort  the  portion 
of  the  precipitate  of  the  preceding  experiment,  undis* 
solved  by  the  alkali :  if  9  vapour  sublime,  condensible 
by  water  into  brilliant  metaUic  globules,  fluid  ai 
common  temperatures,  mercury  is  contained  in  the 
alloy.  Its  presence  may  also  be  ascertained,  by  heating 
the  alloy  in  a  retort,  prior  to  its  solution  in  nitric 
acid. 

L.  Cadmium. — The  bismuth,  lead,  silver,  copper^ 
palladium,  tiellurium,  and  mercury,  being  separated 
by  the  preceding  methods,  the  remainder  of  the  pre- 
cipitate by  subcarbonate  of  potassa,  from  which  the 
inercury  has  been  distilled,  must  be  dissolved  in 
hydrochloric  acid,  a  considerable  excess  of  ammonia 
added,  and  the  solution  filtered.  Dilute  the  filtered 
liquid  and  pour  in  a  solution  of  pure  potassa,  which 
will  precipitate  the  padmium  in  the  form  of  a  white 
l^ydrated  oxide. 

.  M.  Cobalt. — The  cobalt  will  remain  in  solution  m 
the  alkaline  flui4>  from  whence  potassa  has  separated 
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the  cadmium,  and  will  be  obtained 'by  boiling  it,  till 
no  further  precipitate  ensues.  When  this  precipitate 
is  fused  with  from  20  to  25  times  its  weight  of  borax, 
it  gives  a  peculiarly  Hne  deep  blue  glass. ' 

N.  Uranium^ — -Treat  the  aramoniacal  precipitate  of 
ihe  preceding  experiment  (L)  with  nitric  acid,  evapp^ 
rate  th^  solution  to  dryness,  pour  water  on  the  resi- 
duum and  repeat  the  operations  several  times ;  if 
Irranium  be  present  a  yellow  liquor  will  be  of)tained 
possessing  the  properties  of  nitrate  of  uranium  (41  E.) 

§  49.  Second  Solution. — The  hydrochloric  solution 
must  be  concentrated  in  the  same  manner  as  the  nitric^ 
and  when  the  greater  part  of  its  excess  of  acid,  is 
driven  off,  add  by  degrees  a  small  excess  of  hydrosul- 
phuret  of  potassa.  The  arsenic  and  molybdic  acids, 
which  it  may  contain  will  unite  with  the  alkali  and 
remain  in  solution,  whilst  the  oxides  whatever  they 
are,  will  be  precipitated  in  combination  with  sulphu- 
iretted  hydrogen  or  sulphur ;  then  after  having  filtered 
the  liquor,  treat  it  as  stated  (48.  A. B.C.)  to  distin« 
guish  the  two  metallic  acids.  The  precipitate,  which 
perhaps  will  consist  of  hydrosulpfauret  of  antimony 
or  tin,  and  sulphuret  of  bismuth,  must  be  boiled  with 
strong  liydrochloric  acid,  which  readilj'-  decomposes 
and  dissolves  the  hydrosulphurets,  and  has  no  action 
on  sulphuret  of  bismuth.  If  this  solution  be  rendered 
turbid  by  water,  it  contains  antimony,  and  a  solutioil 
of  gold  will  shew  if  it  contain  tin;  bismuth  will  easily 
be  detected  by  the  action  of  nitric  acid,  which  will 
dissolve  the  sulphuret  and  afford  nitrate  of  bismuth, 
crystallizing  in  small  four  sided  prisms,  and  decom- 
posable by  water,  which  throws  down  the  oxide  of 
bit^muth  from  its  solution.     A  deposit  of  sulphur  and 
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some  sulpbate  of  bismuth,  is  als6  occasioned  bj  the 
action  of  the  nitric  acid. 

^  50*  Having  treated  the  alloy  with  water,  and  the 
acids  as  directed,  calcine  the  residuum,  with  rather 
more. than  equal  weight  of  nitrate  of  pptassa,  in  a 
platina  crucible.  If  it  be  composed  of  chromium,  tung>» 
sten,  columbium,  titanium^  cerium,  osmium,  rhodium, 
'  platina,  gold,  and  iridium,  the  chromium,  tungsten,  and 
columbium  will  be  acidified,  and  unite  to  the  potassa; 
the  titanium,  cerium,  iridium,  and  osmium,  will  be 
oxidated,  and  perhaps  a  portion  of  the  platina  also* 
The  mass  must  now  be  treated,  first  with  boiling 
water,  then  with  concentraied  hydrochloric  acid,  and 
lastly  with  aqua  regia,  and  these  processes  repeated 
till  the  whole  mass  is  dissolved.  Thus  three  solutiond 
will  be  obtained;  the  first  or  alkaline  solution  will 
contain  the  chromium,  tungsten,  and  columbium,  and  a 
part  of  the  osmium. 

A.  To  be  certain  that  it  contains  osmium,  pour  in 
nitric  acid,  filter^  if  it  become  turbid,  and  distill  the 
clear  fluid  in  a  glass  retort.  If  the  colourless  liquid 
which  passes  into  the  receiver,  have  an  odour  similar 
to  that  of  chlorine,  be  turned  blue  by  infusion  of  gallsj 
and  deposit  black  floculi,  by  the  action  of  zinc^ 
osmium  is  present.  .  , 

B.  Chromium. — ^After  the  examination  for  osmium 
saturate  the  excess  of  acid  with  an  alkali ;  if  the  acid 
nitrate  of  mercury  now  produce  a  red  precipitate^ 
which  becomes  green  by  exposure  to  a.  strong  heat^  it 
indicates  chromium. 

C.  Tungsten. — If  this  metal  also  be  present  in  the ' 
solution,   sulphuric,    nitric,    hydrochloric  acjds  will 
occasion  a  white  precipitate,  which  changes  to  yellow 
by  being  boiled  with  aqua  regia. 
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D.  Columbium. — Boil  .the  precipitate  by  either  of 
the  acids, ^ just  mentioned,  in  hydrochloric  acid;  eva- 
porate the  solution  to  dryness,  calcine  the  residoum 
and  treat  it  with  distilled  water.  If  columbium  be 
present,  a  whiCe  powder  will  remain,  which  possesses 
all  the  properties  of  cohimbic  acid.  The  columbic 
acid  may  possibly  be  coloured  by.  a  small  portion  of 
oxide  of  iridium,  precipitated  with  it ;  the  latter  may 
probably  be  decomposed,  by  boiling  the  alkaline  solu- 
tion with  blips  of  zinc,  which  would  reduce  the  iridium 
aii<}  separate  it  in^  the  form  of  a  black  powder,  without 
having  any  action  on  the  columbic  acid. 

£.  The  hydrochloric  solution  will  contain  the 
titanium,  cerium,  iridium,  and  rhodium :  it  must  be 
concentrated,  diluted  with  water,  filtered,  and  a  plate 
of  iron  immersed  in  the  solution  :  lastly,  when  the 
iron  ceases  to  occasion  any  further  precipitate  the 
clear  liquor  is  to  be  decanted,  and  a  solution  of  tar* 
irate  of  potassa  poured  into  it.  The  water  will  preci- 
pitate the  greatest  part  of  the  titanium  in  the  state  of 
oxide  (§  77  P.);  the  iron  throws  down  the  iridium,  in 
the  form  of  a  black  metallic  powder,  and  the  tartrate 
of  potassa  separates  the  cerium  in  the  state  of  a  white 
insoluble  tartrate,  which  by  calcination  at  a  red  heat, 
leaves  an  ochre  coloured  oxide,  and  this  being  treated' 
with  hydrochloric  acid,  disengages  chlorine,  and  affords 
a  colourless  sweet  solution,  &c.  (§  42  C.) 

The  oxide  of  titanium  will  be  easily  known  by  the 
characters  already  detailed  (%  43  B).  The  iridium* 
and  rhodium  will  be  discovered,  by  calcining  them 
afresh  in  a  platina  crucible  with  an  equal  weight  of 
nitrate  of  potassa,  lixiviating  the  mass,  and  treating^ 
the  residuum  which  yi^ill  be  chiefly  composed  of  the 
oxides  of  these  metals,  with  boiling  hydrochloric  aeid. 


* 
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To  the  concentrated  solution  add  ammonia,  not  quite 
in  sufficient  quantity  to  saturate  the  excess  of  acid, 
which  will  throw  down  an  ammoniaco-h^drochlorate 
of  iridium,  in  the  form  of  small  shining  black  particles* 
The  solution  must  then  be  evaporated  to  dryness,  and 
water  slightly  acidulated  with  hydrochloric  acid, 
poured  on  the  residuum,  which  will  scarcely  take  up 
any  thing  but  the  ammoniaco-hydrochlorate  of  rho- 
dium. By  separately  calcining  the  two  salts,  their 
metals  will  be  obtained  nearly  pure. 

F.  The  solution  by  aqua  regia,  must  be  examined 
for  gold  and  platina.  However  small  a  portion  of  the 
latter  it  may  contain,  it  will  be  detected  by  concen« 
trating  the  solution  and  adding  a  concentrated  solu- 
tion of  hydrochlorate  of  ammonia*  A  yellow  precipi- 
tate will  fall  down,  which  yields  platina  .by  calcination 
(§  48.  £.)  The  solution  must  next  be  tried  by  proto- 
sulphate  of  iron,  and  hydrochlorate  of  tin.  If  it 
contain  gold,  the  latter  will  produce  the  purple  pre- 
cipitate of  cassius,  and  the  ferruginous  salt  will  in- 
stantly throw  down  metallic  gold.  Should  the  solu« 
tion  contain  a  small  portion  of  iridium,  which  is 
possible,  the  precipitate  by  hydrochlorate  of  ammonia 
will  be  orange  yellow,  unless  very  concentrated. 

%  51.  Analysis  of  some  compUcaied  Alloy Sy  Tin^  Bis* 
muthy  Leady  Copper,  and  Silver  (a). 

A.  Heat  the  alloy  with  an  excess  of  nitric  acid  of 
the  specific  gravity  of  about   1.33;    evaporate  the 


(a)  I  shall  henceforth  confine  myself  to  general  directions,  without 
■•ticing  the  necessary  operations  pf  washin^^,  filtering,  drying,  &c. 
7%e  reader  must -by  this  time  be  too  eonrersant  with  these  aualytical 
Retails  to  need  theiir  repetition. 


» 
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'  Bolution  nearly  to  dryness,  and  pour  water  on  the 
residuum,  which  will  dissolve  the  nitrates  of  silver, 
lead,  and  copper,  and  leave  the  peroxide  of  tin  and 
oxide  of  bismuth.  Separate  these  oxides  and  treat 
them  afresh  with  nitric  acid,  as  is  mentioned  (S  61 ); 
their  weights  will  give  the  quantity  of  tin  and  bismuth 
in  the  alloy. 

B.  To  ascertain  the  proportions  of  silver,  lead,  and 
copper,  pour  into  the  solution  first,  hydrochloric  acid, 
which  will  form  chloride  of  silver ;  then  sulphate  of 
soda  will  throw  down  sulphate  of  lead ;  and  lastly, 
hydrate  of  potassa,  will  precipitate  deutoxide  of 
copper.  (See  ^the  analyses  of  the  alloys  of  tin  and  lead, 
of  gold  and  silvier,  and  of  zinc  and  copper,  for  the 
esjtimates  of  the  quantities  of  lead,  silver,  and  copper) 

^  52.  Tiriy  Bismuth^  Leady  Silver ^  Copper^  and  Zinc. 

The  quantities  of  the  first  four  metals  are  to  be 
^certained  as  in  the  preceding  analysis,  and  the  two 
others,  which  will  remain  in  solution,  may  be  separate^ 
by  potassa,  as  in  the  analysis  of  brass,  (§  59.  A,  B.) 

The  alkali  will  redissolve  the  oxide  of  zinc,  and 
leave  the  deutoxide  of  copper. 

S  S3.  Tin^  Bismuth^  Lead^  Silver^  Copper^  ZinCy  and  . 

Manganese. 

The  preceding  methods  will  separate  all  but  the 

copper  and  manganese,  which  will  remain  mixed  toge^ 

•  I  -  — - — — ■         ■  ■■  ■■  I  fc 

•  (tf)  When  the  hydrochloric  acid  ceases  to  occasion  a  further  preci- 
lutate,  boil  the  solution,  which  will  redissolve  any  chloride  of  lead^  that 
QUiy  have  been  precipitated  with  the  silver.    As  soon  as  the  chloride  o£. 
iQver  has  subsided,  decant  the  clear  liquor,  whilst  «till  hot,  tod  then  add 
e  sulphate  of  soda. 
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ther  in  the  gtate  of  oxide;  ammonia  will  dissolve  tke 
first,  and  leave  the  second,  and  by  evaporation  to  dry- 
ness, and  a  red  heat,  the  ammonia  will  be  expelled, 
and  the  deutoxide  of  copper  obtained  pure.  The 
weight  of  the  manganese  wiH  be  known  from  that  of 
the  peroxide  obtained. 

« 
§  S4.  Tifiy  Bismuth,  Lead,  Silver j  Copper^  Zincy  Man" 
ganesCy  Gold,  and  Platina  (a). 

By  treating  this  alloy  also  like  the  former,  the  other 
metals  are  separated,  and  a  residuum  composed  of  per- 
oxide of  tin,  gold,  and  platina  obtained.  Hydro- 
chloric acid,  will  dissolve  the  oxide  of  tin,  which  may 
be  thrown  down  again  by  ammonia.  The  gold  and 
platina  must  then  be  dissolved  by  aqua  regia,.and 
proto-sulphate  of  iron  poured  into  the  solution  to 
precipitate  the  gold  in  its  metallic  state ;  a  current  of 
sulphuretted  hydrogen  passed  into  the  remaining  solu- 
tion will  precipitate  sulphuret  of  platina,  which  by 
calcination  in  contact  with  the  atmosphere,  will  yield 
the  platina  pure.     • 

§  55.  Tin,  Bismuth,  Lead,  Silver,  Copper,  Zinc,  Man^ 
ganese,  dotd,  Platina,  and  Iron, 

<  Separate  the  bismuth,  lead,  silver,  copper,  andzinc^ 
by  the  processes  already  described.  The  iron  in  th^ 
state  of  peroxide  will  remain  mixed  partly  with  the 
oxide  of  manganese,  and  partly  with^  the  gold  and 


(a)  The  nitric  acid  is  supposed  in  this  analysis,  to  have  no  action  on 
the  platina,  which  perhaps  is  not  correct,  since  we  know  that  whttk 
alloyed  with  gold  and  silver,  it  is  soluble  in  that  acid.  i 
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plattBd,  and  the  oxide  of  tin.  To  finish  the  operation 
therefore,  it  only  remains  to  analyse  the  two  residua. 
Boil  the  last  with  solution  of  potassa,  to  separate  the 
oxide  of  tin,  and  then  with  hydrochloric  acid,  which 
will  dissolve  the  oxide  of  iron.  The  oxide  of  tin  may 
be  thrown  down  from  the  alkaline  solution,  by  nitric 
acid,  the  oxide  of  iron  by  ammonia. 

The  remaining  gold  and  platina,  are  to  be  treated  at 
in  the  preceding  analysis. 

The  oxides  of  iron  and  manganese  may  be  separated 
by  one  of  the  two  following  processes : 

Theiirst  consists  in  dissolving  them  in  sulphuric 
acid,  diluting  the  solution  with  water,  and  adding  by 
diegrees  a  weak  solution  of  j)otassa.  A  reddish  pre- 
cipitate of  subsulphate  of  iron,  and  a  yellowish  white 
one  of  oxide  of  manganese  are  thus  obtained,  but  the 
latter  does  not  fall  down  till  a  considerable  time  after 
the  former. 

As  soon  therefore  as  the  further  addition  of  small 
quantities  of  the  alkali  ceases  to  render  the  solution 
turbid ;  it  must  be  passed  through  the  filler,  in  order 
to  collect  the  subsulphate  of  iron^  which  must  be 
calcined  to  drive  ofi^  the  sulphuric  acid,  and  the  oxide 
added  to  that  which  has  been  separated  from  the  tin. 
Thus  all  the  oxide  of  iron  will  be  obtained,  from  which 
the  quantity  of  the  metal  may  be  known,  (</).  The 
weight  of  the  oxide  of  manganese  will  in  like  manner 
giye  that  of  the  manganese. 

The  second  method  is  founded  on  the  decomposition 
of  nitrate  of  iron  by  evaporation,  whilst  nitrate  of 


(4)  It  18  potnble  a  little  oxide  of  iron  may  be  fonnd  in  the  washings. 
«f  the  oxide^  bismuth ;  'in  that  case  ft  ma j  be  thrown  down  by  p*- 
tatsa,  and  added  to  that  already  obtained^ 
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manganese  suffers  no  alteration  in  the  process.  Dis- 
solve the  mixed  oxides  in  nitric  acid,  evaporate  the 
solution  to  perfect  dryness,  and  slightly  calcine  the 
residuum,  then  treat  it  with  water,  and  throw  the 
whole  on  a  filter,  which  will  retain  the  oxide  of  iron, 
and  the  solution  of  nitrate  of  manganese  will  pass 
through,  from  which  the  oxide  may  be  separated  by 
potassa  (a). 


{«)  Very  superior  to  either  of  the  foregoing,  are  the  followin^r  mc- 
ihod.*  proposed  by  Mr.  Hatchett. 

1st  Process—**  A  solutiou  of  amy  ore  of  manganese  having  been  made 
at  usual  in  muriatic  acid,  and  filtrated,  must  be  diluted  with  three  or 
four  pints  of  coJd  distilled  water.  To  this  diluted  solution,  add  gra- 
dually pure  amponia,  occasionally  stirring  the  liquo^  until  the  acid  has 
become  perfectly  neutralized,  a.  few  drops  of  ammonia  may  thea  bt 
added ;  so  that  the  liquor  shall  very  slightly  restore  the  blue  colour  to 
^tipus  paper  which  has  been  reddened  by  acetous  a.cid.  The  ferru* 
ginous  prcci|>itate  must  then  be  separated  by  filtration,  and  the  liquor 
which  passes  will  be  found  devoid  of  colour,  and  contains  the  purt 
s&anganese  in  pemiaaent  solution.  Jt  affords  a  white  precipitate,  with 
prussiate  of  potassa,  and  the  oxide  of  manganese  may  be  obtained  by 
evaporating  the  solution  to  dryness,  and  by  expelling  the  muriate  of 
ammonia  by  heat ;  after  which,  if  any  of  the  muriate  should  be  8us« 
pected  to  remain,  it  may  be  separated  by  washing  the  oxide  upon  a 
filter." 

8nd  Process. — "^  Pure  oxide  of  manganese  may  be  also  obtained,  by 
adding  ammonia  in  considerable  excess  to  the  cold  diluted  muriatic 
eolation,  which  then  without  loss  of  time  must  be  poured  upon  a  filter 
of  tfae  fold'  The  liquor  which  passes,  becomes  in  a  few  raimitee 
turbid  and  brownish,  a  peiliclc  is  formed,  and  in  about  twenty-foor 
Imhits  the  greater  part  of  the  manganese  separates  spontaneously  in  the 
state  of  brown  oxide ;  and  if  the  remaining  liquor  be  evaporated  to 
dryness  and  heated,  the  whole  of  the  oxide  will  be  obtained.  But  the 
(objection  to  ihis  method  is  that  the  manganese  is  so  rapidly  separated 
from  the  ammoniacal  solution,  that  it  is  scarcely  possible,  even  by  the 
quickest  filtration,  to  prevent  some' part  from  being  deposited  on  the 
filter,  so  that  it  becomes  again  mixed  with  the  precipitate  of  iron,  alu- 
ndae,  &c.*'    Annals  of  Philosophy,  VoL  11.  p.  344. 
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DIVISION  THE  FOURTH. 

I 

Analysts  of  several  Alloys^  especially  those  employed 

in  the  Arts. 

S  56.  Mercury  and  Tin^  Mercury  and  Bismuth^  Mer* 
cury  and  Silver,  Mercury  and  Gold. 

To  determine  the  proportion  of  the   constituent 
parts  of  either  of  these  amalgams,  (a)  heat  it  gradually 


The  advantage  of  the  use  of  ammonia  in  separating  the  oxides  of  iroti 
and  manganese,  consists,  according  to  Mr.  Faraday,  in  the  solubility  of 
Che  triple,  or  rather  double  salts  of  ammonia  and  manganese.  If  to 
a  solution  of  pure  sulphate  of  manganese,  a  drop  of  ammonia  be  added, 
an  immediate  precipitate  ensues ;  but  if  the  solution  be  first  acidulated 
with  sulphuric  acid,  in  sucii  proportion,  that  for  every  particle  of  sul- 
phate of  manganese  it  contains,  there  sh^ll  be  formed  a  particle  of  suK- 
phate  of  ammonia,  the  double  soluble  salt  is  produced,  on  which  the 
fuffther  addition  of  ammonia  has  no  effect. 

When  sulphate  of  iron  and  sulphate  of  manganese  are  dissolved  toge«i 
ther,  the  addition  of  ammonia  decomposes  the  sulphate  of  iron,  its 
oxide  is  precipitated,  and  the  fresh  formed  alkaline  sulphate  combines 
with  the  sulphate  of  manganese.  If  the  proportion  of  sulphate  of  iron 
be  such,  that  the  number  of  its  particles  exceeds  that  of  the  particles  of 
sulphate  of  manganese,  no  precipitation  can  ensue  ;  but  if  the  reverse 
be  the  case,  then  as  soon  as  the  whole  of  the  former  are  decomposed  by 
the  ammonia,  the  further  addition  of  the  alkali  throws  down  oxide  of 
manganese  ;  and  the  results  are  first  a  precipitate  of  oxide  of  iron,  next 
of  manganese,  and  a  quantity  of  the  double  salt,  proportionate  to  the 
sulphate  of  iron  in  the  original  mixture,  remains  in  permanent  solution. 
In  such  a  case,  Mr.  Paraday  remarks,  sulphuric  acid  ought  to  be  added 
to  the  solution  before  the  ammonia.     He  farther  observes,  ^*The  two 

(a)  This  term  is  exclusively  applied  to  the  alloys  of  mercury  whh 
other  metals* 
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in  a  small  retort,  having  the  extremity  of  its  neck 
loosely  stopped  with  linen  rag,  and  immersed  ifi  water, 
the  mercury  will  sublime  and  condense  in  the  receiver^ 
whilst  the  other  metal  remains  in  the  retort. 


metals  may  be  separated  from  each  other,  by  carefully  adding  ammonU 
till  the  solution  is  neutral,  without  advancing  to  the  formation  of  the 
tnple  salt,"  (Hatchett's  first  process)  '*  l?ut  then  the  uncertainty  of  thit 
exact  point  of  neutralization  occurs,  and  this  is  -  rendered  greater 
because  a  further  addition  of  ammonia  does  not'  render  the  solution 
alkaline  until  much  manganese  has  been  precipitated.  In  analpis 
therefore,  the  first  method  (^Hatchett's  second  process)  is  best,  though 
in  the  preparation  of  pure  manganese  and  its  compounds,  the  second  is 
more  economical,  and  equally  certain.**  (Journal  of  Science  and  the 
Arts,  No.  II,  p.  154.) 

The  truth  of  these  views  is  easily  demonstrated.  Mix  together  a 
solution  of  sulphate  of  ammonia,  and  one  of  sulphate  of  manganese,  so 
that  the  former  shall  be  rather  in  excess.  Ammonia  will  produce  no 
precipitation  in  the  mixture.  As  in  analysis  the  proportion  of  iron  and 
manganese  can  seldom  be  supposed  to  be  known  before-hand,  it  will 
be  better  always  to  add  some  sulphuric  or  hydrochloric  acid,  according 
to  the  nature  of  the  solution,  previous  to  using  th^  ammonia. 
•  There  are  yet  two  other  methods  of  separating  iron  from  manganese, 
depending  partly  on  the  tendency  of  the  latter  metal  to  form  triple 
salts  with  ammonia,  which  are  not  affected  by  the  pure  alkalies,  and 
partly  on  its  power  of  decomposing  ammoniacal  salts.  They  are 
both  valuable  additions  to  our  knowledge  on  this  subject,  and  due  to 
the  indefatigable  and  able  researches  of  Mr.  Faraday. 

To  a  mixed  solution  of  iron  and  manganese,  add  a  solution  of  hydro- 
chlorate  of  ammonia,  and.then  pour  in  pure  potassa.  The  iron  will  be 
precipitated  immediately,  but  the  manganese  will  remain  in  solution,  as 
a  double  salt :  or,  having  dissolved  the  two  metstls  in  a  aqua  regia,  (by 
which  means  the  iron  will  be  peroxidated)  throw  both  down  by  solu- 
tion of  caustic  potassa,  wash  them  by  decantation,  and  digest  them  in 
hydroehlorate  of  ammonia,  with  a  little  sugar.  The  manganese  will, be 
redissolved,  and  the  iron  left*  (Journal  of  Science  and  the  Arts,  VoL  VI, 
p.  357.) 
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AH  other  amalgams  of  mercury,  and  any  metal  not 
volatile  below  a  red  beat,  may  be  analysed  in  the  same 
manner.  '  ■  , 

§  57.  A.  Tin  and  Lead. — Introduce  a  certain  quan- 
tity (100  grains  for  instance)  of  the  alloy  into  a  mat* 
tra^s,  add  six  or  seven  times  its  weight  of  pure  nitric 
acid,  of  tlie  specific  gravity  of  about  1.26,  and  expose 
it  to  a  heat  gradually  raised.  When  the  metallic  |)ar- 
ticles  have  disappeared,  and  the  acid  ceases  to  give 
off  nitrous  gas,  it  must  be  evaporated  to  dryness, 
water  poured  on  the  residuum,  and  the  whole  thrown 
on  a  filter  and  washed,  Hill  the  washings  (which  must 
be  added  to  the  filtered  solution)  no  longer  redden 
litmus,  nor  are  blackened  by  sulphuretted  hydrogen. 
The  peroxide  of  tin  remaining  on  the  filter,  must  then 
be  dried  and  calcined,  and  deducting  21.4  per  cent, 
for  the  oxygen,  its  weight  gives  the  quantity  of  tin  in 
the  alloy.  Reduce  the  filtered  liquid  by  evaporation, 
and  precipitate  by  sulphate  of  soda ;  collect  the  sul- 
phate of  lead,  wash,  dry,  and  weigh  it ;  100  of  sulphate 
of  lead  contain  68.1  of  lead. 

B.  Plumber's  Sdlder. — Plumber's  solder,  which 
contains  two  parts  of  lead,  and  one  of  tin,  may  be 
analysed  like  the  preceding  alloy ;  but  if  any  copper 
be  present,  as  is  often  the  case,  an  additional  opera- 
tion is  necessary.  After  the  lead  has  been  separated, 
subcarbonate  of  potassa  or  soda  must  be  added  to  the 
solution  to  throw  down  the  copper  in  the  state  of  sub- 
carbonate,  which  a  red  heat  will  convert  into  oxide^ 
from  whose  weight  that  of  the  metal  is  deduced. 

C.  Tin  and  Copper.  The  analysis  of  this  alloy 
must  be  conducted  like^  that  of  tin  and  lead,  (^  57  A.) 
except  that,  instead  of  sulphate  of  soda,  we  must 
add  to  the  filtered  liquor  an  excess  of  solution  of 


^  ST]  C0MBV9TIBLE    BODIES*  91 

hydrate  of  polasda,  tirask  the  precipitate  of  deutoxid^ 
of  copper  thus  obtained,  till  the  washings  are  not 
affected  by  nitrate  of  barya,  and  dry  and  heat  it  red 
to  convert  it  into  pure  deutoxide  of  copper.  Its 
weight,  deducting  SO  per  cent,  for  oxygen,  gives  that 
of  the  copper. 

D.  Gun  MeiaL  (Bouckes  a  feu.) — This  is  gene- 
rally composed  of  89  parts  copper  and  11  tin,  which 
must  be  separated  by  nitric  acid ;  but,  as  a  little  iron 
and  even  lead  may  always  be  suspected  in  the  alloy, 
and  would  be  dissolved  with  the  copper,  the  solution 
must  first  be  concentrated  to  drive  off  the  greater 
part  of  the  acid .  in  excess,  then  diluted  with  water, 
and  the  lead  thrown  down  by  sulphate  of  soda.  To 
the  filtered  liquor  add  an  excess  of  ammonia,  which 
will  precipitate  the  oxide  of  iron  in  red  flakes,  and 
retain  the  copper  in  solution.  The  iron  being  sepa- 
rated, caustic  potassa  must  b&  added  in  excess,  and 
the  i^hole  evaporated  td  dryness  to  expel  the  am- 
monia ;  the  residuum  heated  in  distilled  water  and 
the  oxide  of  copper  collected,  &c. ;  the  weights  of  the 
several  metals  will  then  be  deduced  from  the  sulphates 
and  oxides  obtained.  The  alloy  of  gongs  and  cymbals. 
is  similar  to  the  preceding,  differing  only  in  the  pro- 
portions of  the  metals.  They  may  be  analysed  in  the 
aame  manner. 

E.  Bell  Metal.^'^Tm  and  copper  serve  also  as  the 
base  of  this  alloy,  but  zinc,  lead,  and  iron  are  like* 
wise  often  found  in  it,  which  renders  its  analysis  more 
complicated.  The  alloy  may  be  treated  in  the  ?ame 
manner  as  the  'gun  metal^  but  after  the  addition  of 
caustic  potassa,  and  evaporation  to  dryness,  the  rcr^i« 
duum  must  be  boiled  in  distilled  water  in  order  that 
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the  excess  of  alkali  may  redissolve  the.oxide  of  zinc, 
vbich  may  thea  be  separated  as  directed  (§  59  A.) 

58  A.  Lead  and  Antimony. — This  analysis  may  be 
made  precisely  as  that  of  (he  alloy  of  tin  and  lead, 
(§  57  A.)  deducting  26.3  per  cent,  for  the  oxygen  of 
the  deutoxide  of  antimony. 

B.  Tin  and  Antimony. — Solution  of  the  alloy  in 
aqua  regia,  and  precipitation  of  the  oxide  of  antimony 
by  water  is  impracticable  in  the  analysis  of  this  alloy, 
in  consequence  of  the  antimony   carrying  a  large 
quantity  of  the  oxide  of  tin  down  with  it. — (An;  de 
Chimie.  vol,  LV.  p.  276.)     The  following  method  is 
recommended  by  M.  Chaudet,  (An.  de  Chimie.  voL 
III.  p.  376.  new  Series.)      The  proportion  of  anti- 
mony in  the  alloy  must  be  pretty  nearly  ascertained 
by  a  previous  experiment  on  five  parts  of  the  alloy 
and  IQO  df  tin  fused  together,  laminated  and  treated 
with  hydrochloric  acid;  the  undissolved  portion  will 
indicate  pretty  nearly  the  quantity  of  antimony.    The 
alloy  is  then   to  be  fused  with  such  a  portion  of  tin, 
that  this  metal  may  be  to  the  former  as  20  to  I,  inclu^ 
ding  the  tin  iq  the  alloy.     The  addition  of  the  tin 
must  be  made  with  some  care  that  the  combination  of 
the  metals  may  be  perfect.     M.  Chaudet  places  them 
wrapped  in  paper  in  a  small  crucible,  covers  them 
with  charcoal   powder,    and  fuses   them   under  the 
muffle  of  a  cupelling  furnace.     The  button  when  eold 
is  cleaned  and  laminated,  cut  into  small  pieces,  and 
fused  again  as  before;  and  this  operation  is  repeated 
a  third  time,  but  without  laminating  the  button,  with 
a  piece  of  paper  placed  between  the  metal  and  the 
charcoal  powder,  that  the   button   may  be  perfectly 
homogeneous.    The  new  alloy  is  then  tQ  be  rolled,  into 
a  very  thin  plate,  cut  into  small  pieces,  and  boiled  in 
a  flask  with  an  excess  of  pure  hydrochloric  acid  of  the 
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specific  gravity  of  1.19  for  two  hoars  and  a  half  at 
least.  The  whole. of  the  tin  will  be  dissolyed,  but  the 
antimony  remain  untouched.  The  solution  is  then' to 
be  diluted  with  distilled  water,  and  the  insoluble 
matter  collected  on  a  filter ;  its  weight  will  be  exactly 
that  of  the  antimony  in  the  alloy. 

If  the  calloy  contain  any  lead  it  must  be  laminated' 
with  great  care,  as  that  metal  adds  extremely  to  its 
brittleness. 

The  quantity  of  lead  may  be  ascertained  by  treat- 
i&g  a  portion  of  the  alloy  with  nitric  acid,  and  preci* 
pitating  the  lead  by  sulphuric  acid.  M.  Chaudet  has 
also  analysed  an  alloy  of  tin  and  bismuth  in  the  same 
manner,  but  in  this  case  it  is  better  to  use  nitric  acid, 
which  dissolves  the  bismuth  and  leaves  the  tin. 

C.  Printer^ s  types  are  formed  of  four  parts  of  lead^ 
one  of  antimony,  and  a  very  small  portion  of  copper. 
Separate  the  antimony  by  nitric  acid,  as  directed^ 
(§  58.  A.)  and  treat  the  solution  in  the  same  manner 
as  that  obtained  in  the  analysis  of  plumber's  solder. 
«57.B.)  . 

§  59.  A.  Zinc  and  Copper. — Dissolve  100  grains  of 
the  alloy  in  weak  nitric  acid,  with  a  gentle  heat,  dilute 
the  solution  with  a  little  water,  and  add  a  consider- 
able excess  of  hydrate  of  potassa  or  sodsr,  boil  for  a 
quarter  of  an  hour,  filter  and  wash  the  residuum 
(adding  all  the  washings  to  the  filtered  solution,)  till 
the. water  does  not  turn  syrup  of  violets  green,  or 
pa^er,  stained  with  turmeric,  brown.  From  the 
weight  of  the  deutoxide  of  copper  remaining  on  the 
filter,  when  dried  and  calcined,  deduct  one-fifth  for 
oxygen ;  the  remainder  gives  the  proportion  of  copper 
in  the  alloy.  To  the  filtered  alkaline  solution,  con^ 
tainiag  the  oxide  of  zinc^  add  first  a  small  excess  of 
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bydroehloric  or  sulphuric  acid,  and  then  8ub-carbo« 
nate  of  potassa  or  soda ;  carbonate  of  zinc  will  fall 
down,  and  being  washed,  drieii,  and  heated  red,  will 
be  converted  into  oxide  ;'^  the  weight  of  which,  de- 
ducting 19.61  per  cent,  gives  that  of  the  zinc. 

B.  Yellow  Brass'.  <Laiton.)^--When  brass  consists 
niei-ely  of  zinc  and  copper,  the  preceding  analysis  is 
all  that  is  necessary  to  determine  their  proportions ; 
but  it  sometimes  contains  besides  a  small  portion  of 
lead.  In  tbis  case,  after  solution  of  the^  alloy  in  nitric 
acid,  and  the  expulsion  of  the  greater  part  of  the 
excess  of  acid  by  heat,  the  lead  must  be  separated  by- 
sulphate  of  soda,  and  the  remaining  solution  treated 
ill  the  manner  just  mentioned. 

^  60.  A.  Silver  and  Gold. — Laminate  the  alloy,  and 
treat  it  by  nitric  acid  as^in  the  preceding  analysis,  till 
nitrous  gas  ceases  to  be  disengaged ;  the  residuum 
well  washed,  and  heated  red,  gives  the  quantity  of 
gold.  Next  pour  hydrochloric  acid  into  the  solution 
to  throw  down  the  silver,  wash  the  precipitate^  dry 
and  weigh  it;  100  parts  of  chloride  of  silver  are  equi- 
valent to  75.5  of  silver.  If  the  proportion  of  silver  in 
the  alloy  be  very  small,  the  nitric  acid  will  only  effect 
it«  partial  solution  ;  in  that  case  add  as  much  silver  to 
the  alloy  by  fusion,  as  will  make  it  at  least  equal  ick  ' 
three-fourths  of  the  mass.  Account  must  be  taken  of 
the  quantity  of  silver  thus  added^  at  the  end  of  the 
operation,  as  will  presently  be  noticed.  - 

B,  Silver  and  Copper,  (a)  Dissolve  the  alloy  *iii 
nitric  acid,  and  dilute  the  solution  with  water,  throw 
down  the  silver  by  hydrocjdoric  acid,  and  filter  the 


(a)  There  is  another  mode  of  analysing  this  alloy,  viz.  by  cupella- 
tion,  the  only  method  employed  in  commerce  to  decermine  the  standard 
ctf  all  kinds  of  money,  bullion,  and  plate. 
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liquor,  wasbing'the  precipitate,  till  ammonia  ceases  to 
produce  a  blue  colour ;  then  mix  the  washings  with 
the'  filtered  liquor,  reduce  it  by  evaporation,  and  add 
an  excess  of  hydrate  of  potassa  or  soda  to  separate  th* 
deutoxide  of  copper,  from  which  the  quantity  of  cop- 
per in  the  alloy  is  ascertained,  (^  59  A.)  as  that  of 
the  silver  is  learnt  from  the  chloride,  (§  60  A.) 

C.  SiheVy  Copper  J  Sind  Oold, — ^This  alloy  also  must 
be  treated  with  nitric  acid,  which  will  dissolve  th« 
silver  and  copper  and  leave  the  gold  untouched^ 
whose  proportion  is  to  be  ascertained  as  in  (§  60  A.) 
and  that  of  the  silver  and  copper  as  mentioned.(§  60  B.) 
In  this  analysis,  as  in  the  two  preceding,  if  the  alloy 
contain  too  little  silver  or  copper  in  proportion  lo  the 
gold  for  the  nitric  acid  to  act  readily  on  it,  it  must  be 
combined  with  an  additional  quantity  of  one  of  them, 
and  by  preference  with  silver,  because  that  metal  not 
being  readily  oxidated,  it  is  easy  to  keep  account^of 
the  exact  quantity  added,  (a) 

§61.  BismtUhy  Tin,  and  Ijead.  —  First  heat  the 
alloy  in  excess  of  nitric  acid  of  the  specific  gravity  of 
about  1.26,  till  the  nitrous  acid  gas  ceases  to  be 
evolved*  The  liquid  must  then  be  evaporated  nearly 
to  dryness,  and  the  remaining  mass  washed  with  sue* 
cessive  ^portions  of  water ;  by  these  means  all  the 
nitrate  of  lead  will  be  dissolved,  and  a  white  residuum 
obtained,  consisting  of  the  oxides  of  tin  and  bismuth* 
This  being  treated  afresh  with  nitric  acid,  the  whole 
of  the  oxide  of  bismuth  will  be  re-dissolved ;  but,  in 
order  to^  separate  the  portion  of  nitrate  of  bismuth| 


(a)    We  may  also  determine  the  quantity  of  copper  in  this  alloy  by 
«ixpellation,  but  it  is  only  by  nitric  acid  th«t  the  gold  aad  silrer  csn  be 
Acauratciy  separated. 


It 
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which  may  adhere  to  the  oxide  of  tin  without  decom* 
posing  it,  the  latter  must  be  washed  with  weak  nitric 
acid ;  this  done^  the  analysis  is  almost  finished.  It  i$ 
only  necessary  to  dry,  calcine,  and  weigh  the  oxide  of 
tin  to  obtain  the  quantity  of  that  metal;  (§  57  A.)  for 
that  of  the  bismuth  evaporate  the  solution  of  its 
nitrate  to  dryness,  decompose  this  by  heat  in  a  platina 
crucible,  and  weigh  th6  oxide;  100  parts  contain 
89.87  bismuth.  Lastly,  precipitate  the  lead  by  sul- 
phate of  soda^  &c.  (§  57  A.) 


DIVISION  THE  FIFTH- 

Analysis  of  Alloys  by  Cupellation. 

I  63.  Cupels,  which  are  small  porous  ciips,  formed 
by  ramming  well  washed,  and  pulverised  bone  ashes 
into  a  mould,  may  be  considered  as  filters,  permeable 
only  to  certain  fluids,  or  as  sponges,  which  absorb 
some  bodies,  but  have  no  action  on  others.  Fused 
metallic  oxides  readily  penetrate  these  vessels,  but  to 
th^  metals  themselves  they  are  quite  impermeable. 
Hence  they  afford  a  ready  method  of  separating  those 
metals  which  are  not  capable  of  change  by  the  com*^ 
bined  action  of  heat  and  air,  from  others  that  are 
oxidated  by  their  influence.  When  such  mixtures  are 
kept  in  fusion  on  them  with  acces3  of  air^  the  oxides 
which  form,  are  gradually  absorbed  by  the  cupel| 
and  the  inoxidable  metal  is  at  last  left  in  a  hemisphe- 
rical form  on  the  surface,  like  a  globule  of  qufcksilver 
on  a  plate  of  glass,  pure  and  unalloyed.  If  the  oxides 
be  'not  fusible  by  themselves,  at  the  requisite  degree 
of  heat,  a  portion  of  some  other  metal  must  be  added^ 
which  may  promote  their  fusion« 
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Lead  18  g^enerally  preferred  for  this  purpose :  in  all 
cases  it  is  necessary  that  the  inoxidizable  metal  be  not 
volatile,  and  that  it  be  suiBciently  fusible  tp  form  a 
round  button ;  otherwise  it  would  remain  disseminated, 
adhering  to  the  portion  of  oxide  with  which  the  surface 
of  the  cupel  is  impregnated^  and  could  not  be  com- 
pletely collected.  The  operation  is  performed  by 
placing  the  two  metals  on  ai  cupel,  which  has  previously 
been  thoroughly  dried  at  a  red  heat,  and  exposing  it 
ibr  a  certain  time,  in  the  muffle  of  a  cupelling  furnace^ 
to  a  temperature  from  about  36^  to  35^  of  Wedge  wood's 
pyrometer. 

Since  only  gold  and  silver  are  inalterable,  fusible, 
and  fixed  at  this  temperature,  they  alone  c^n  be  coN 
rectly  separated' from  other  metals  by  cupellation  (a)* 

%  63.  A.  Lead  ^nd  Silver. — Place  the  cupel  undef 
a  muffle,  and  when  /  heated  to  about  27°  of  Wedge- 
Wfood's  pyrometer,  put  the  alloy  on  it  (b).  It  soon 
•  fuses  and  is  covered  with  a  coat  of  oxide  of  lead^ 
becomes  flattened,  gives  off  fumes,  and  considerable 
motion  ensues  on  its  surface,    which  by  continual 

__....  I  M*— ■— M^— — ^I^M^^—I ^ 

(a)  Flatioa,  and  probably  other  metals  of  the  last  section,  may  be 
separated  by  cupellation,  but  they  must  first  be  combined  with  a  sufficient 
'  quantity  of  silver  and  ^Id,  to  make  them  fusible. 

(6)  The  muffle  at  this  degree  of  heat  appears  Irigkt  red\  the  cupel  !• 
usually  placed  at  about  one-third  of  the  depth  of  the  muffle  from  xtt 
mouth. 

I  have  retained  M.  Thenard's  mode  of  expressing  Very  high  tem^ 
peratures,  by  degrees  of  Wedgewood's  pyrometer,  for  want  of  a 
better,  though  1  am  well  aware  how  indefinite  the  ideas  it  conveys  must 
necessarily  be.  It  is  much  to  be  lamented  that  we  have  not  some  meaas 
of  accurately  measuring  intense  heats.  The  philosopher  who  should  in<^ 
vent  such  an  instrument  would  confer  an  essential  obligation  on  the  science 
of  chemistry  in  general,  and  especially  on  the  subject  of  our  immediate 
attention,  as  well  as  on  many  of  the  arts  and  manufactures.  As  it  stands 
at  present,  the  eye  of  experience  is  the  only  pyrometer  the  operator  can 
rely  otu 
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renewing  it,  assists  the  oxidation.  The  lead  thus 
gradually  passes  to  the  state  of  oxide,  and  the  oxide 
as  it  forms,  fuses,  and  is  absorbed  by  the  cupel,  except 
a  vert/  small  portion^  that  volatilizes,  and  occasioqs 
the  fumes  just  mentioned.  Together  with  theije 
phenomena  others  present  themselves,  not  less  impor** 
tant  to  the  progress  of  the  assay. 

The  alloy  diminishes  in  volume,  ,and  leaves  a  trace 
or  circular  mark  on  the  basin  of  the  cupel,  differing 
in  colour  according  to  the  nature  of  the  metals  oxid- 
ated^ Thus  copper  gives  a  darkish  brown  tinge,  iron 
a  reddish  one,  and  tin,  a  white;  and  I  may  here 
observe,  that  when  the  latter  metal  abounds  in  an 
alloy,  it  is  necessary  to  use  a  greater  portion  of  lea4 . 
than  common  for  its  complete  removal. 

The  alloy  which  at  first  was  evidently  flattened 
becomes  more  and  more  convex,  and  presents  continu- 
ally increasing  shining  points.  At  this  period,  the 
lead  i^  almost  entirely  absorbed,  and  the  (upel  must 
be  brought  forward  towards  the  mouth  of  the  mufQe, 
There,  in  a  very  short  time,  the  shining  points  dis- 
appear. The  alloy  exhibits  all  the  colours  of  the 
rainbow,  loses  for  a  moment  its  lustre,  and  suddenly 
becomes  brilliant  by  an  instantaneous  movement, 
technically  termed  brightening  or  fulguration.  By 
this  last  phenomenon  we  know  that  the  operation  is 
completed.  The  door  of  the  mufHe  which  has  hitherto 
been  removed  to  a  small  distance  from  the  mouth,  is  now 
to  be  applied  to  it,  and  the  silver  suffered  to  become 
quite  solid,  before  the  cupel  is  withdrawn :  (a)  when 


(a)  Instead  of  a  common  door,  the  mouth  of  the  muffle  is  generally 
closed  with  sticks  of  charcoal,  which  are  more  easily  applied*  or  with** 
drawn  so  as  to  increase  or  diminish  the  draft  of  air  to  the  surface  of 
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cold,  the  button  of  silver  is  taken  off  with  pincerf, 
the  lower  part  brushed,  to  remove  any  particles  of  the 
cupel  that  might  have  adhered  to  it,  and  weighed* 
Its  weight  deducted  from  that  of  the  alloy  gives  the 
weight  of  the  lead.  It  is  very  essential  not  to  with- 
draw the  cupel  from  the  muffle  immediately  after  the 
bri^tening,  because  the  silver  by  cooling  too  rapidly 
would  retain  too  much  lead,  and  also  be  liable  to 
springy  or  shoot  out  in  filaments  like  fine  wire ;  for  at 
the  moment  the  exterior  of  the  assay  solidifies,  it 
experiences  such  a  contraction  as  to  force  out  a  portion 
of  the  still  liquid  metal  ^ithin,  so  as  to  form  a  sort  of 
arborization  on  the  surface  of  the  button,  and  it  is  not 
only  spirted  on  the  cupel,  but  even  entirely  out  of  it. 
Moreover  the  assay  cannot  be  considered  good,  if  the 
button  adhere  strongly  to  the  cupel,  and  be  not  well 
rounded,  brilliant,  and  crystallized  on  the  upper  sur* 
iace,  whilst  the  lower  presents  an  unpolished  granular 
white  appearance.  If  the  surface  be  dull  and  flattened 
the  heat  has  been  too  great  and  a  portion  of  the  silver 
volatilized ;  oh  the  contrary,  if  it  be  .brilliant  in  many 
points,  and  present  here  and  there,  an  unpolished 
white  crystalline  appearance,  have  little  iavities 
below,  adhere  obstinately  to  the  cupel,  and  yellowish 
scales-  remain  on  the  vessel,  the  heat  has  been  insuf- 
ficient, and  the  silver  still  retains  a  portion  of  lead  ; 
in  either  case  the  assay  must  be  repeated. 

B.  Copper  and  Silver. — The  oxide  of  copper  fuses 
with  difiiculty ;  a  portion  of  lead  must  therefore  be 
added  in  this  analysts. 


tkt  tMSLy^  and  the  inner  ends  of  the  charcoal  becoming  ignited,  pravent 
an  undue  chilling  of  the  cupel,  which  would  be  prejudicial  to  tht  tucceit 
•f  ihe  operttioQ. 
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Suppose  the  alloy  to  be  €|xainined  is  Aat  of  the 
French  coin,  which  contains  9  parts  of  silver  and  I 
o(  copper.  Put  105  grains  of  lead  on  the  cupel,  plated 
as  before,  and  heated  to  the  same  degree  (63  A.)  and 
when  it  is  melted  and  its  surface  brigkty  add  with  the 
tongs  15  grains  of  the  alloy.  The  three  metals  almost 
instantly  unite  and  form  a  melted  mass  which  presents 
the  same  phenomena  as  the  alloy  of  silver  and  lead 
(63  A.)  After  the  brightening  has  taken  place,  it  only 
remains  as  in  the  former  instance  to  weigh  the  button 
of  silver,  to  know  the  proportion  it  bears  to  the. 
copper.  The  quantity  of  lead  to  be  added  must 
depend  on  that  of  the  base  metal  in  the  alloy ;  for 
ilistance^  to  assay  silver  plate,  whose  standard  is  0.95, 
only  three  parts  of  lead  to  one  of  the  assay,  are 
necessary;  for  a  silver  alloy  of  the  standard  of  0.8, 
ten  part^  are  required,  and  for  the  assay  of  base  coin, 
whose  standard  is  0.S,  sixteen  or  seventeen  (a.)  In 
what  has  just  been  said,  the  standard  of  the  assay  is 
supposed  to  be  known,  when  otherwise  it  must  be 
determined  pretty  nearly,  by  a  previous  trial  with 
about  two  grains  of  the  alloy  and  an  equal  quantity  of 
lead. 


(a)  For  this  last  assays  only  half  the  ^uaatity  can  be  operated  Oi| 
\e$s  the  cupel  be  very  large. 
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The  following  table,  bj  M.  d'Arcet^  will  be  found 
useful,  the  standard  of  the  assay  being  known. 


Standard. 

Quantity  of 

Proportion  of  l«ad 

Proportion  of  lead  to 

copper. 

to  one  of  the  assay. 

that  of  the  copper. 

Fin«  1     1000 

0 

0,3 

■ 

0 

950 

50 

3 

60:  I 

900 

100 

7 

70:  1 

800 

SOO 

10 

50:1 

700 

SOO 

12 

40:1 

600 

400 

14 

35:1 

500 

500 

16  to  171 

32:1 

400 

600 

ditto 

26.666 :  1 

SOO 

70O 

ditto 

25.857 : 1 

800 

800 

ditto 

> 

20:  1 

100 

900 

ditto 

17.777 : 1 

fopper  \ 

1000 

ditto 

16:1 

The  proportions  stated  in  this  table,  are  founded  on 
the  results  of  M.  d'Arcet^s  experiments,  which  may 
be  seen  at  length  in  the  Annales  de  Chimie,  torn.  I,, 
page  66  (new  series).  It  appears  that  the  quantity 
of  lead  to  be  added  to  the  assay,  by  no  means  increases 
in  the  same  ratio  as  that  of  the  base  metal  in  the 
alloy,  and  consequently,  contrary  to  what  might  have 
been  expected,  it  cannot  be  deduced  by  calculation 
from  any  given  data.  The  table,  presuming  it  to  be 
correct,  acquires  additional  value  from  this' conside- 
ration. 

^  64.  Determination  of  the  quantity  of  gold,  in 
ingots,  coins,  vases,  and  utensils. 

If  these  articles  were  composed  merely  of  gold  and 
copper  (a)  they  would  only  require  to  be  cupelled  with 


(a)  Amongst  these  articles,  those  only  that  are  made  of  fine  gold,  that 
is,  gold  from  which  the  silver  haa  b^en  separated  by  stcids,  are  (juite 
fr^  from  tl^e  latter  m^taL 
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lead,  like  the  alloy  of  copper  and  silver  (63  B);  but  since 
a  small  quantity  of  silver  is  always  to  be  suspected  in 
them,  they  must  be  combined  with  a  certain  propor- 
tion of  that  metal  prior  to  the  cupellation,  and  the 
assay  afterwards  treated  with  nitric  acid ;  the  first  of 
which  operations  is  called  quartqtion  (because  usually 
performed  with  three  parts  of  silver  to  one  of  gold) 
and  the  last  the  depart. 

By  these  means  both  the  silver  added,  and  that 
which  formed  part  of  the  alloy  are  dissolved,  whereas 
otherwise,  the  silver  of  the  alloy  being  enveloped  by 
the  gold,  the  greater  part  would  escape  the  action  of 
the  acid.     In  either  case  the  gold  remains  untouched* 

Let  us  take  as  an  example  the  gold  coin  of  France, 
which  in  1000  parts  should  contain  from  898,  to  902  of 
gold,  the  mean  of  which  is  900,  When  the  cupel  is  heated 
to  28°  or  29°  Wedgewood,  place  120  grains  of  pure  lead 
on  it,  and  when  this  is  fused  and  its  surface  bright,  add 
8  grains  of  gold  and  22  grains  of  fine  silver.  All  the 
phenomena  already  described  occur  in  this  instance, 
and  the  same  appearances  announce  the  completion  of 
the  process  (63  A.)  It  must  therefore  be  conducted 
like  that  for  the  cupellah'on  of  silver,  except  that,  as 
the  assay  is  not  liable  to  spring,  the  cooling  may  be 
more  rapid  (a).  The  cupellation  being  finished,  and 
the  assay  cleaned  with  the  scratch  brush,  flatten  it 
with  a  hammer  on  the  anvil,  and  anneal  it^  that  it  may 
not  crack  in  passing  through  the  rollers  by  which  it 
must  be  laminated,  so  as  to  form  a  plate  about  ^th 
of  an  inch  thick;  then  anneal  it  again  and  roll  it  up 
in  the  form  of  a  cylinder;  after  which  place  it  in  a 
small  pear-shaped  matrass  of  the  capacity  of  6  cubic 

(«)  Fine  gold  alone  sometimes  spriogs. 
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inclies,  with  about  S J  oz.  of  pure  nitric  acid  of  the 
specific  gravity  of  I.14(^,  and  apply  heal  very  gradu- 
ally till  the  acid  boils ;  after  boiling  ^2  minutes,  decant 
the  acid,  and  replace  it  by  an  ounce  of  pure  nitric  acid 
of  the   specific    gravity    of   1.283^    and  boil  it  ten 
minutes :  then  decant  again  and  wash  the  assay  with 
repeated  portions  of  distilled  water.     After  this  fill 
the  matrass  with  water,  in  Vert  it,^  and  immerse  its 
neck  in  a  small  earthenware  crucible,  into  which  the 
cylinder  or •"  corwef,"  will  thus   fall  without  beings* 
broken ;  then,  dexterously  raising   the  neck  of  the^ 
matrass,  pour  off  the  water  from  the  crucible,  and ' 
place  it  on  hot  ashes,  to  evaporate  the  greater  part  of 
the  remaining  water.     This  done,  heat  the  gold  to 
redness  under  the  muiQe,  let  itcool,  and  weigh  it. 

This  "method  answers  perfectly  with  gold  alloys^ 
but  if  the  gold  hejine^  the  result  is  always  rather  too 
great  by  one  or  two  thousandth  parts ;  that  is,  the 
standard,  instead  of  being  1000,  becomes  apparently 
1001  or  1002.  M.  Chaudet  recommends  the  addition 
of  three  parts  of  silver  to  one  of  fine  gold,  and  ta 
cupel  the  mixture  with  half  its  weight  of  lead ;  after 
cupellation  the  ,button  is  to  be  rolled  out  into  a  plate 
about  three  inches  long,  coiled  up  and  heated  three  or 
four  minutes  in  nitric  acid  of  the  specific  gravity  of 
.1.1462,  or  as  long  as  nitric  vapour  is  disengaged ;  the 
acid  is  then  to  be  decanted,  and  fresh  added,  of  the 
specific  gravity  of  1.283,  in  which  it  is  to  be  boiled 
ten  minutes,  and  again  decanted,  and  a  fresh  quantity 
of  the  same  acid  poured  on,  and  the  boiling  repeated 
ibr  ten  minutes  more ;  the  coil  is  then  to  be  washed 
with  distilled  water^  heated,  and  weighed.  The 
weight  of  the  coil  will  now  be  found  exactly  equal  to 
that  of  the  gold  employed*  (An»  de  Chimie*  torn,  i^ 
p.  S56y  new  series  0~ 
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Gold  assays  are  generally  made  on  half  the  quantity 
employed  in  the  assay  of  silver,  but  the  portion  of  lead 
and  'silver  to  be  added  must  depend  on  the  standard  of 
the  gold.  The  quantity  of  silver  should  be  nearly 
three  times  that  of  the  supposed  quantity  of  gold  in  the 
alloy;  if  greater,  the  cornejt  would  not  have  sufficient 
solidity,  and  would  break ;  if  less,  seme  silver  might 
remain  united  with  the  gold*  As  to  the  proportion  of 
lead  it  must  increase  with  the  quantity  of  copper ;  thus, 
jn  assays  of  fine  or  nearly  fine  gold,  that  is  to  say,  of 
1000,  .997,  .995,  .990,  only  sufficient  lead  must  be  em- 
ployed to  promote  the  ready  fusion  and  combination 
of  the  gold  and  silver ;  eight  parts  to  one  of  gold  s^re 
generally  enough,  whereas  14  must  be  employed  with 
gold  of  .9p0,  and  20  with  that  of  .750. 

The  approximate  standard  of  the  piece  is  known  by 
cupelling  one  part  of  gold  with  about  20  parts  of  lead, 
and  considering  the  button  obtained  as  pure  gold,  it  can 
at  most  be  alloyed  with  only  a  few  hundredth  parts  of 
silver,  for  a  larger  quantity  of  that  metal  would  alter 
the  colour  of  the  gold  and  make  it  greenish  or 
even  white,  (a) 


f^ 


(a)  There  is  another  method  of  determining  the  quantity  of  gold  m 
an  alloy  of  copper  and  gold,  but  this  is  only  an  approximation,  and  not 
employed  except  for  trinkets,  which  should  be  of  the  standard  of  .750, 
For  this  purpose  the  gold  is  rubbed  on  a  hard  black  stone,  commonly 
called  lydian  stone,  or  touch-stone,  (siliceous  basalt)  so  as  to  form  a  thin 
coating  on  it,  of  about  one-t(nth  of  an  inch  wide,  and  two-tenths  long, 
which  is  moistened  with  an  acid  made  of  38  parts  of  nitric  acid  of  the 
specific  gravity  of  1.S4,  and  two  parts  of  hydrochloric  acid  of  1.17, 
diluted  with  25  parts  of  water.  If  the  trace  preserve  its  yellow  colouir 
and  metallic  brilliancy,  the  gold  is  estimated  at  least  as  .750;  but  if,  on 
t^e  contrary,  it  take  the  red  brown  cqlour  of  burnt  copper,  and  is  in  great 
measure  eflaced  on  wiping  the  stone,  the  standard  is  considered  infen 
fior^  and  a/b  much  the  more  so  as  the  trace  is  mpre  oblit^ated* 
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1 .65.  A.  Gold  and  'Copper. — Simple  cupeUation 
with  the  proper  quantity  of  lead  is  all  that  is  required 
tor  this  assay.  The  gold  may  perhaps  retain  some 
copper,  and  possibly  also  a  little  lead,  but  in  so  small 
quantity,  particularly  if  care  be  taken  to  operate  at 
a  temperature  of  30^  or  32^  of  Wedgewood,  that  the 
error  never  amounts  to  the  one  hundredth  part. 

B.  Gold,  Silver^  and  Copper^ — This  analysis  is 
exactly  like  the  gold  assay,  (§  65  A.)  except  that  tlie 
heat  of  the  furnace  must  not  be  raised  quite  so  higb^ 
that  the  silver  may  not  be  volatilized.  The  button  is 
to  be  weighed  after  cupeUation,  and  its  weight  de- 
ducted from  that  of  the  alloy  and  of  the  sjlver  which 
may  have  been  added,  gives  the  .weight  of  the  copper* 
The  proportion  of  gold  is  obtained  by  the  weight  of 
the  cornet  after  the  actioq  of  the  acid,  and  this  and 
the  weight  of  the  copper  deducted  from  that  of  the 
alloy,  gives  the  proportion  of  silver.  ,  If  the  alloy 
originally,  contain  three  parts  or  upwards  of  silver  to 
one  of  gold,  (which  may  be  known  by  the  proof,)  (a) 
there  is  no  need  to  add  any  more.  When  the  silver 
bears  a  very  large  proportion  to  the  gold,  the  latter, 
after  the  action  of  the  acid,  will  not  retain  the  form 
of  the  cylinder,  but  fail  to  powder. 


(«)  An  experienced  assay er  is  satisfied  for  the  proof,  with  cupelling  one 
part  of  the  alloy  with  80  or  S4  parts  of  lead,  weighing  the  button  and 
examining  its  colour.  The  weight  of  the  button  gives  the  quantity  of 
copper,  and  its  colour  indicates  the  quantity  of  silver.  If  it  have  the 
colour  of  green  gold  it  contains  about  one-third  of  silver,  if  it  be 
scarcely  coloured  at  all,  one  half ;  if,  when  laid  by  the  side  of  silver  it 
appears  as  white  as  that  metal,  it  contains  at  least  two-thirds,  and  in 
that  case  it  is  enough  to  add  one  part  more.  But  the  inexperienced 
wiU'^do  better  to  make  the  analysis  as  stated,  (§  64.)  operating  on  on? 
part  of  gold,  90  or  24  parts  o(  lead,  and  8  of  silver. 


106 


09  tun  ANALYSIS  OF 


[%66 


'Ingots  of  gold  and  stiver,  and  of  gold,  silver,  and 
copper,  are  met  with  in  commerce';  tho^e  which  con- 
tain much  silver  and  little  gold  are  called  "giYrfed," 
they  are  as  white  as  silver.  («) 

^  66.  A.  Platina^  Silver ^  and  Copper.*— Pure  boiling 
concentrated  sulphuric  acid  dissolves  silver  without  at 
all  acting  on  platina.  On  this  property  M.  d'Arcet 
had  founded  a  process  for  efiecting  a  separation  of 
these  metals.  The  alloy  (which  must  contain  two 
parts  of  silver  to  one  of  platina,  that  the  coil  may 
have  sufficient  tenacity  to  preserve  its  form  after  the 
solution  of  the  silver)  is  first  to  be  cupelled  in  the 
common  method  to  separate  the  copper  and  other 
oxidable  metals,  but  with  rather  more  lead  than  is 
usually  employed^  and  at  a  higher  temperature.  Cu- 
pelling furnaces  not  easily  affording  very  intense  heats^ 
the  quantity  of  the  alloy  operated  on  must  be  small ; 
it  should  be  such  that  the  button,  after  cupellation^ 
may  weigh  about  nine  grains,  and  the  coil,  when  the 
silver  is  separated,  about  three  grains.  If  the  quantity 
of  silver  in  the  alloy  exceed  twice  that  of  the  platina, 
a  portion  of  pure  gold  may  be  added  to  bring  it  to  the 
requisite  standard,  in  preference  to  making  up  the 
deficiency  with  platina.     The  cupelled  button  is  to  be 


(a)  I  have  preferred  the  French  mode  of  eixpressing  the  standard  of 
goltl  alloys,  as  being  universally  applicable,  in  which  fine  gold  is  con- 
sidered as  1000,  and  its  quantity  denoted  by  the  proportion  it  bears  to 
(he  whole  compound,  reckoned  in  thousandth  parts.  In  England  it  i» 
computed  by  carats,  an  alloy  being  supposed  to  be  divided  into  24 
parts,  and  consequently  fine  gold,  is^old  of  24  carats.  The  standard  of 
English  gold  coin  is  expressed  by  saying  it  is  22  carats  fine,  that  is  that 
it  contains  one-twelfth  of  alloy.  Jewellers  gold  is  1 8  carats  fine»  or 
contains  three-twelfths  of  alloy,  which  by  the  French  method  would  b* 
•aid  to  be  of  the  standard  expressed  by  .7iO« 
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treatei}  exactly  as  a  gold  assay,  laminated,  and  coileil 
up,  and  the!  coil  put  into  a  glass  matrass  with  pure 
sulphuric  acid,  of  the  specific  gravity  of  about  1.844) 
and  gently  boiled  for  ten  minutes,  then  suffered  to 
too],  the;  first  acid  decanted,  and  replaced  by  a  second 
portion,  and  boiled  again  for  seven  or  eight  minutes; 
when  cold,  this. acid  must  also  be  poured  off,  and,  the 
coil  washed  with  a  large  quantity  of  distilled  water, 
transferred  to  a  small  crucible,  and  heated  red  in  the 
usual  manner.  The  weight  of  the  coil,  minus  that  of 
the  gold  that  may  have  been  added,  will  now  give  the 
proportion  of  platina  in  the  alloy*  -  M.  d'Arcet's 
memoir  may  be  found  in. the  ilnnales  de  Chimie^  vol. 
Ixxxix.  p.  135.  * 

B.  Platina^  Gdld^  Silvery  and  Copper. — If  platina 
be  alloyed  with  a  certain  quantity  of  silver  and  gold, 
it  becomes  soluble  in  nitric  acid  ;  hence  this  offers  an 
obvious  method  of  effecting  the  analysis. 

The  copper  is  first  to  be  separated  by  cupellation  in 
the  common  method  ;  the  weight  of  the  alloy,  minus 
the  weight  of  the  button,  gives  that  of  the  copper. 

The  quantity  of  silver  must  then  be  mads  equal  to 
twice  that  of  the  gold  and  platina,  and  separated  as  in 
the  preceding  process,  (§  66  A.)  by  sulphuric  acid, 
whence  its  quantity  will  be  easily  deduced.  A  fresh 
portion,  about  eight  grains  of  the  alloy,  is  then  to  be 
taken,  and  the  copper  separated  as  'before  by  the  cupel. 
The  button  obtained  is  next  to  be  combined  with  such 
a  portion  of  pur^  gold  and  of  silver,  that,  (including 
the  quantity  of  each  of  those  metals  already  contained 
in  the  button,)  the  gold  may  be  equal  to  nine-tenths 
6f  the  weight  of  the  button,  and  the  silver  three 
times  that  of  the  gold. 

Their  union  must  be  effected  by  passing  them  at  ^ 
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high  iemperatare  on  the  cupel,  with  the  addition  of 
about  16  grains  of  pure  lead,  which  will  be  separated 
again  in  the  process.  The  alloy  is  then  to  be  rolled 
out  into  a  plate  about  four  inches  long,  coiled  up,  and 
treated  with  nitric  acid  of  the  specific  gravity  of  1.180 
for  SO  minutes, — the  acid  decanted,  and  the  cornet 
washed,  dried,  and  weighed.  The  first  operation 
never  completely  separates  the  whole  of  the  platina ; 
to  effect  which  the  cornet  must  be  passed  again  on 
the  cupel  with  three  times  its  weight  of  pure  silver^ 
and  the  same  quantity  of  lead  as  before,  and  the  new 
button  treated  as  the  former.  These  operations  must 
be  repeated  till  the  c6rnet  last  obtained  has  exactly 
the  same  weight  as  the  one  preceding,  when  it  is 
certain  that  all  the  platina  has  been  separated  from  the 
gold,  the  proportion  of  which  in  the  original  alloy,  ia 
obtained  by  deducting  from  the  weight  of  the  cornet 
that  of  the  gold  which  has  been  added.  An  estimate 
of  the  relative  proportions  of  the  metals,  both  in  this 
and  the  former  alloy,  must  be  obtained  by  preliminary 
experiments.  The  hardness  and  ductility  of  the  alloy, 
its  specific  gravity  and  fusibility,  the  action  of  acids, 
and  the  manner  in  which  it  Comports  itself  on  the 
cupel,  and  especially  a  previous  assay  with  the  addi* 
tion  of  an  excess  of  silver,  will  enable  us  to  ascertain 
this,  and  consequently  the  proportion  of  silver  and 
g^old  to  be  added  either  to  the  alloy,  or  to  the  button 
obtained  by  cupellation.  The  quantity  of  lead  neces- 
sary for  the  cupellution  must  also  be  regulated  by 
the  standard  of  the  allo^'. — For  more  minute  details, 
consult  M.  Chaudet*s  Memoir  in  the  second  volum<i( 
pf  the  Annales  de  Chimie,  (new  series)  p.  264^ 
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I 

Analysis  of  Binary  Compounds  of  the  Metals  with 
Sulphur  J  Iodine^  Azote^  Phosphorus^  and  Chlorine. 

§  67.  Sulphurets.  When  a  metallic  oxide  is  decom« 
posed  by  sulphuretted  hydrogen,  water,  and  a  sul- 
phuret  of  the  metal  result,  and  there  is  ho  other 
product;  (a)  consequently  the  quantity  of  sulphur 
in  the  sulphuret  is  proportionate  to  the  quantity  of 
oxygen  in  the  oxide. 

Sulphuretted  hydrogen  is  formed  of  one  of  hydro- 
gen and  15  of  sulphur,  and  water,  of  7.5  of  oxygen 
and  one  of  hydrogen;  the  sulphuret  of  any  metal, 
must  therefore  contain  twice  as  much  sulphur  as  the 
oxide  of  that  metal  contains  oxygen,  since  one  part 
of  oxygen,  in  combining  with  a  certain  quantity  of 
the  hydrogen  of  sulphuretted  hydrogen,  sets  free  two 
parts  of  sulphur. — Thus  1,  the  quantity  of  hydrogen 
contained  in  16  parts  of  sulphuretted  hydrogen,  con- 
denses 7.$  oxygen,  or  half  the  quantity  of  sulphur 
contained  in  the  sulphuretted  hydrogen ;  therefore,  an 
oxide  composed  of  an  100  metkl,  and  7.5  oxygen, 
would  require  16  parts  of  sulphuretted  hydrogen  for 
its  decomposition,  and  would  afford  8.5  of  water,  and 
115  of  sulphuret. 

^  68.  Iodides. — ^As,  when  an  oxide  is  decomposed 
by  sulphuretted  hydrogen,  water  and  a  sulphuret  are 

(a)  All  the  oxides  of  the  four  last  sections,  are  decomposed  by  sul- 
phuretted hydrogen.  Those  of  iron,  zinc,  manganese^  tin,  and  an^- 
jKony  require  heat.  The  oxides  of  the  two  other  sections  are  not 
-abnilarly  decomposed,  in  consequenee  of  their  very  strong  attractioa 
for  oxygen. 
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the  results,  so  the  compound  of  hydrogen  with  iodine, 
or  hydriodic  acid,  when  it  effects  the  decomposition  of 
an  oxide,  forms  water  and  an  iodide.  The  quantity  of 
iodine  in  the  iodide  is,  therefore,  like  that  of  sulphur  in 
the  sulpluiret,  proportionate  to  the  quantity  of  oxygen 
in  the  oxide.' 

Hydriodic  acid  is  formed  of  one  volume  of  the 
vapour  of  iodine  and  one  volume  of  hydrogen,  and 
one  volume  of  hydrogen  represents  half  a  vo\ume  of 
oxygen ;  it  follows  then,  that  the  quantity  of  iodine 
in  iodides,  is  to  the  quantity  of  oxygen  in  oxides,  as 
the  weight  of  a  volume  of  the  vapour  of  iodine  is  to 
that  of  half  a  volume  of  oxygen,  that  is  to  say,  as 
8.6864  :  0.553,  or  as  15.7  :  1 — 

%  69.  Azoturet.  (a) — When  azoturet  of  potassium 
or  sodium  is  put  in  contact  with  water,  it  is  decom- 
posed, and  ammonia,  and  oxide  of  potassium  or 
sodium  are  formed;  —  whence  if  the  contrary  took 
place,  that  is,  if  ammonia  could  decompose  the 
oxide^,  water  and  azoturets  would  be  the  result.  The 
quantity  pf  the  azote  of  azoturets  therefore,  as  in  the 
preceding  cases,  must  be  proportionate  to  the  quantity 
of  oxygen  in  oxides. 

Ammonia  is  formed  of  three  volumes  of  hydrogen 
and  one  volume  of  azote,  and  three  volumes  of  hy* 
drogen  represent  one  and  a  half  of  oxygen,  whence^ 
the  quantity  of  azote  in  the  azoturets  is  to  the  quan- 
tity of  oxygen  in  the  oxides,   as  the  weight  of  a 

■  -  ' ' 

{a)  By  this  uncouth  term,  which  I  use  with  Theuar4  and  Thomson 
for  want  of  a  better,  is  meniit  the.  compound  formed  by  heating  pota#« 
tium  or  sotiium  in  dry  ammoniaical  gas ;— hydrogen  is  at  the  same  tim« 
•et  free,  and  ammonia  obsorbed,  so  that  the  compound  is  at  first  art 
ammontaeal  azoturet  of  potassium.  By  heat,  the  combined  ammonia  ft 
•cpelled  and  the  azoturet  left. 
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Tolume  of  azotQ  is  to  that  of  a  volumo  and  a  half  of 
oxygen,  or  as  0,5839  :  1 . 

According  to  this,  the  azoturets  .of  sodium  and 
potassium  must  be  formed, — the  first  of  100  potassium 
and  11.678  azote,-^and  the  second  of  100  sodium  and 
19.85S  azote,  (a)  proportions  that  differ  very  slightly 
from  those  obtained  by  another  method;  (b)  (c) 

§  70.  Phosphurets.-^lt  appears  Jrorn  the  experi- 
ments of  M.  Oberkampf,  that  hydruret  of  phosphorus 
decomposes  oxide  of  gold,  producing  water  and. a 
phosphuret.     It  is  reasonable  to  suppose  that  it  would 

(a)  Oxide  of  potassium  (pure  anhyi^ous  potassa)  is  composed  of  100 
potassium  +  20  oxygen,  and  1 : 0.5889 : :  20 : 1 1 .678. 

Soda  is  composed  of  100  sodium,  +  84  oxygen,  and  1 :  0.5889 : :  S4 : 
19.8526.— 

(6)  One  grain  of  potassium  disengages  1.116  cubic  inch  of  hydrogen; 
consequently  the  quantity  of  azote,  combined  with  one  grain  of  potas- 
sium, must   be  -~—  or  about,  112  of  a  grain^  for  ammonia  is  com* 

S 

posed  of  three  Tolumes  of  hydrogen,  and  one  of  azote.  When  the  am« 
sioniacal  azotnret  of  potassium  is  heated,  ammonia  only  is  driven  off, 
.and  the  residuum  is  a  true  azoturet  of  potassium.  .  From  these  data, 
therefore,  it  is  composed  of  potassium  100  +  azote  11.34.  In  the  same 
manner  the  composition  of  a^oruret  of  sodium  is  found  to  be  sodium 
100  +  azote  19.821 — (Thenard,  Vol.  II.  p.  140.) 

(^)  When  potassium  or  sodium  is  heated  in  pure  and  perfectly  dfry 
ammonia,  exactly  as  much  hydrogen  is  disengaged  as  would  be  afforded 
by  the  action  of  the  same  quantity  of  the  metal  on  water,  and  an  olive 
green  substance  u  formed  which  M.  Thenard  considers  as  the  azoturet 
in  question. — Ammonia  consists  of  three  volumes  of  hydrogen  and  one 
of  -azote ;  water,  of  two  volumes  of  hydrogen  and  one  of  oxygen.-j- 
When  the  olive-green  substance  acts  on  water,  the  results  are  potassa  or 
toda,aud  ammonia, but  for  every  volume  of  oxygen  that  combines  with 
the  potassium  or  sodium,  two  only  of  hydrogen  are  disengaged. — 
Whence  then  can  the  third  volume  necessary  for  the  reproduction  of 
the  ammonia  be  derived,  except  from  the  olive-green  substance,  whicH 
must  rather  be  considered  as  a  triple  compound  of  potassium  or  sodiuf|y 
tzote,  and  hydrogen,  rather  than  a  pur«  azoturet. — See  Thomson'* 
fiyitem  of  Chemi«try,  Vol.  II.  p.  31,  fifth  edition. 
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act  similarly  on  the  other  oxides,  if  capable  of  decom- 
posing them,  and  therefore  it  may  be  presumed  that 
the  phosphurets  follow  the  same  law  of  composition, 
as  the  sulphurets,  &c.  M.  Dulong  has  found  that  the 
!  phosphuret  of  copper  contains  twice  as  much  phos*^ 
phorus,  as  the  oxide  contains  oxygen. 

§  71.  Chlorides. — If  there  be  some  ground  to  doubt 
the  composition  of  the  phosphurets,  there  is  none  for 
questioning  that  of  the  chlorides ;  they  are  clearly 
under  the  same  law  as  the  sulphurets  and  iodides,  for 
on  evaporating  a  hydrochlorate  (that  is  to  say  a  com- 
bination of  chlorine  and  hydrogen  with  an  oxide) 
to  dryness,  and  calcining  the  residuum,  water  and  a 
chloride  are  formed,  unless  the  oxide  be  not  reducible^ 
or  having  but  little  affinity  for  hydrochloric  acid,  be 
unable  to  retain  it  at  high  temperatures.  Hydro« 
chloric  acid  js  formed  of  a  volume  of  hydrogen  and  a 
Tolume  of  chlorine,  aiid  a  volume  of  hydrogen  gas 
condenses  half  a  volume  of  oxygen ;  the  quantity  of 
chlorine  in  the  chlorides  therefore  must  be  to  the 
quantity  of  oxygen  in  the  oxides,  as  the  weight  of  a 
rolume  of  chlorine  is  to  that  of  half  a  volume  of  oxy- 
gen, or^  4.48  :  1. 

Thus,  knowing  the  composition  of  sulphuretted  hy- 
drogen,  hydriodic  acid,  &c.  it  is  easy  to  find  that  of 
the  sulphurets  and  other  substances  of  this  class, 
having  a  metal  for  one  of  their  elements,  the  quantity 
of  sulphur  being  always  proportionate  to  the  quantity 
of  oxygen  which  the  metal  requires  to  assume  that 
state  of  oxidation  to  which  the  sulphuret  &c.  correa« 
ponds.  Wherefore,  if  a  certain  quantity  of  a  metal 
absorb  1  of  oxygen,  it  will  require  2  of  sulphur,  15*7 
of  iodine,  0.5839  of  azote,  and  4.48  of  chlorine. 
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CHAPTER  THE  FOURTH. 

Analysis  of  Oxidei* 

DIVISION  THE  FIRSTv 

Of  the  Non^metaUic  Oxides. 

\  72.  There  are  ovAj  seven  oxides  that  beloftg  t0 
Ihis  class — water,  the  oxides  of  phosphorus,  carbon^ 
chlorine,  and  azote,  and. the  deutoxides  of  chlorine  and 
azote.  The  five  last  are  gaseous,  and  have  been 
already  treated  of,  {%  12.  F.  G.  and  §  13.  B.  C.) 

The  properties,  ef  water  are  too  familiar  to  be  cOli* 
founded  with  any  other  substante.  Every  one  knows 
that  it  is  an  uninflani«iUble,  colourlesS|  inodorous,  and 
tasteless  liquid ;  that  it  boils  under  a  pressure  of  SO 
inches  of  m^cury,  at  21^  Faht.  and  evaporates  with* 
oat  leaving  any  residuum ;  and  lastly,  that  it  is  the 
solvent  of  a  great  number  of . other  substances* 

Oxide  of  Phosphorus  is  either  white  or  red;  it 
exhales  white  vapours  in  the  air,  like  phosphorua^ 
inflames  with  a  very  gentle  heat,  absorbs  oxygen^  and 
is  converted  into  phosphorous  acid. 

DIVISION  THE  SECOND. 

I  73.    To  ascertain  ike  Substances  in  a  Mixture  of 

non'metalUc  Oxides, 

This  problem  may  be  principally  referred  to  the 
second  division  of  the  second  chapter,  since  five  of  the 
•even  substances  it  comprehends  are  gases ;  the  other 
two  will  be  readily  known  by  the  characters  detailed 
ill  the  preceding  division. 

H 


DIVISION  THfi  THIRD. 
'  §  74.  To  ascertain  the  nature  of  a  Metallic  Oxide. 

If  it  dissolve  in  water,  and  form  an  acrid  caustic 
solution,  which  turns  syrup  of  violets  ^een,'and  tinc- 
ture of  turmeric  brown,  it  must  belong  to  the  second 
division  of  the  third  chapter,  and  its  base  will  be  ascer- 
tained by  the  processes  there  described  (a). 

§  75.  If  iflie  oxide  be  inodorous  and  reducible  bj'a 
tieat  below  redness,  it  musit  either  be  an  oxide  of 
mercury,  or  one  belonging  to  the  last  division;  its 
particular:  nature  will  be  easily  determined,  by  col- 
lecting the  metal  and  examining  it.  (See  the  charac- 
ters of  those  nietais  at  §  41.  B.  F.  N.  %  42.  D.  F,  %  4S. 
D.  E.) 

^  76.  If  the  oxide  be  not  reducible  by  beat,  with  or 
without  carbonaceous  matter,  and  but  very  imperfectly 
by  electricity,  or  any  other  known  agent;  if  it  be  in- 
sipid, white,  and  does  not,  when  moistened,  turn 
syriip  of  violets  green,  it  must  be  one  of  the  seven 
bxides  contained  in  the  first  division  (6). 

A.  Oxide  of  Silicum^  or  Silica^  is  insoluble  even 
with  heat,  in  all  acids  but  the  fluoric;  calcined  with 
tvrice  its  weight  of  hydrate  of  potassa,  in  a  silver 
crucible,  a  vitreous  compound  is  formed,  deliquescent^ 
and  consequently  soluble  in  wafer.     The  solutFoo^ 


(a)  The  alkalies  lately  discovered  in  Vegetable  substanc'es,  ntofpkiuin, 
pierutoxlne,  &c.  will  be  described  under  the  bead  of  "  pfoxnnate  ele- 
ments of  vc(getables.** 

(B)  The  characters  about  to  bedescribed/art  sufficient  to  distingutsli 
t^ese'  seven  o^xides,  independently  of  the  action  of  tiie  vohaic  iMLttlfcrt,  / 
and  reduction  by  heat,  processes  which  re^ttirt  coaiiderabk  time.  - 


idiea  coBcentrati^  coagulates  with  aeids;  v/hAik  dU 
luted  with  water,  it  is  not  rendered  turbid  by  acids^ 
but  they  then  produce  with  it^by  evaporation,  a  transr 
parent  jellj. 

B*  Oxide  of  Aluminum,  or  Alumina^  forms  witk 
•ul{4iuric,  nitric,  and  hydrochloric  acids,  very  8okibl0 
and  astringent  salts>  from  which  it  may.be  threwu 
down  by  potassa,  soda,  ammonia,  and  their  neutral 
hydrosulpbupets  and  carbonates^  Potassa  and  soda 
redissolve  the  precipitate,  but  carbonate  of  ammoniii 
jioes  notk  When  a  saturated  solution  of  sulphates  of 
potassa,  or  sulphate  of  ammoma  is  poured  into  a  coa^ 
icentrated  solution  of  sulphate  of  alumina^  a  multitude 
jof  crystals  of  alum  are  immediately  deposited,  which^ 
l)y  a  seoond  crystallization,  affect  the  form  of  regular 
octohedrons. 

C.  Ojeide  of  Gluciniumyta  Gludncu-^The  sulphate^ 
nitrate,  and  hydrochlorate  of  glucina,  are  deliquescen/t 
Had  very  sacchai^iae^  The  neutral  hydro-sulphurett 
of  potassa,  soda,  or  ammonia,  do  not  decompose  these 
■alls;  but  'their  base  is  precipitated  by  the « caustic 
alkalies  or  their  carbonates,  and  the  precipitate  is  so^ 
Jabfe  not  only  in  potassa  and  soda,  like  alumina,  but 
also  in  carbonate  of  ammonia,  like  jfiircona. 

D.  Oxide  qf  Yttrium^  or  Yttriaf  possesses  the  same 
properties  as  glucina,  excet)t  that  it  is  not  soluble  ia 
potassa  and  soda,  and  its  sulphate,  far  from  being 
deliquescent,  requires  from  SO  to  40  pi^ts  of  water  t» 
dissolve  it. 

£.  Oxide  of  Mcignesium,  or  Magnesia,  is  insollible 
in  potassa,  soda,  and  carbonate  of  ammonia.  It  forms 
with  sulphuric  acid  a  salt  which  crystallises  in  qua- 
drangular prisms ;  the  nitrate  and  hydrochlorate  are 
deliquescent,  and  all  these  ^Its  have  a  bitter  dia* 

h3 


116  Olf  THE   ANALYSIS  OP  OXlUfiS.  [%  7ff 

agreeable  taste ;  their  solutions  are  not  disturbed  by 
the  bicarbonate,  or  neutral  hydl^sulphuret  of  potassa, 
soda,  or  ammonia,  but  their  subcarbonates  decompose 
them.  Ammonia  precipitates  a  part  of  the  magnesia 
from  the  solutions  of  its  neutral  salts,  but  does  not 
atfect  the  transparency  of  those  which  contain  muc^ 
•excess  of  acid ;  potassa  and  soda  decompose  them 
completely. 

'  F.  Oxide  ofJ^irconitim,  or  2ircona.*^When  asircona 
has  been  heated  red,  its  particles  adhere  so  strongly 
that  they  become  insoluble  in  acids.  The  soluble 
aalts  of  this  oxide  have  a  purdy  astringent  flavour. 
When  reduced  to  an  impalpable  powder,  or  recently 
'precipitated  in  the  state  of  a  hydrate,  it  is  not  soluble 
in  either  of  the  caustic  alkalies,  but  carbonate  of  am* 
monia  dissolves  it. 

It  forms  with  sulphuric  acid  an  acid  sulphate, 
which  on  evaporation  assumes  the  appearuice  of  gum, 
and  is  rendered  turbid  by  water,  provided  the  acid  be 
not  in  great  excess. 

Nitrate  of  seircona  is  very  soluble,  and  deposits  a 
gelatinous  substance  by  boiling.  The  hydrochlorate 
is  a  very  soluble  cryslallizable  salt,  and  its  solution 
deposits  on  boiling  a  white  pulverulent  matter. 
Lastly,  zircona  is  readily  thrown  down  from  all  tbi^e 
Halts  by  the  caustic  alkalies  and  their  neutral  hydro* 
;»ulphurets  and  carbonates;  and  of  these  re-agents, 
carbonate  of  ammonia  alone  re-dissolves  the  precipitate 
.with  facility,  though  the  subcarbonates  of  potassa  and 
aoda  also  dissolve  it,  but  much  more  difficultly  than 
carbonate  of  ammonia. 

G.'  Oxide  of  Thorimunij  or  Thorina^  is  white,  in- 
•ipid^  does  not  change  the  colour  of  vegetable  blues, 
and  has  hitherto  i^isted  all  attempts  to.  reduce  it  to 
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the  metallic  ^tate*  It  is  infusible  in  theheati^aforgey 
and  insoluble  in  water;  it  readily  absorbs  carbonic 
aeid  at  conmbn  temperktures,  and  gives  it  off  again 
at  a  red  beat.  Tboriaa  is  verjr  soluble  in  byjbrocblorie 
acid,  if  ptf'eviously  only  moderately  heated,  but  after 
having  been  8tr<Migly  calcined,  k  is  insoluble  ini^ 
unless  concentrated  and  boiling.  Neutral  dilute  soju* 
tions  of  bydrochlorate  and  nitrate  of  thorina,  become 
turbid  by  boiling,  and  deposit  the  greatest  part  of  the 
basCb  The  concentrated  solution  is  purely  astringent,, 
without  any  mixture  of  i^  sweet,  saline,  bitter,  or 
metallic  flavour.  Thorina  is  insoluble  in  solutions  of 
potassa  or  soda,  which  distinguishes  it  from  silica, 
alumina,  and  glucina.  As  thorina  resmnbles  zircmia 
much  more  than  any  of  the  other  earths,  and  .their 
characters  are  less  marked,  the  foUowipg  parallel  be- 
tween many  of  their  properties  drawn  by  M»  Berselius, 
will  be  useful*  (See  Annales  de  Chimiei  Yoh  Yi  p*  19* 
new  series.) 


^  Thorina. 

The  taste  of  its  neutral 
salts  is  purdly  astringent. 

Its  aulphate  readily 
etystallizes^  and  the  crys- 
tals are  decomposed  by 
waten  - 


Zircona. 
Precisely  similar. 

Not  crfstallizable,  be- 
comes gummy,  and  after 
long  exposure  to  a  mode* 
rate  heat,  white^  opake, 
and  saline ;  deliquesces  in 
the  air,  but  becomes  turbid 
by  the  addition  of  water, 
unless  the  solution  be  very 
acid ;  the  dry  salt  is  only 
very  partially  decompoied 
by  a  red  heat. 
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Thorina.  I 

The  kydroehlaiate  gives 
n  bulky  transkicent,  gelft- 
finous  precipitate  by  boil- 
ing. It  id  not  crysrtalliz. 
able. 

'  The  nitrate  lets  fkM  a 
^latinetis  eartb  by  boil- 
ing. 

The  alkaline  succinates, 
ben2N>ate8  and  tartrates, 
occasion  precipitates.  The 
tartrate  is  sdinble  in  po- 
tassa. 

The  citrates  occasion  no 
tmmediaie  precipitate,  but 
the  solution  affords  one  by 
boiling. 

The  sulphate  is  preci- 
pitated by  oxalate  of  am- 
monia. 

The  solution  of  the  sul- 
pha.te  or  hydrodhlorate, 
when  saturated  with  strl- 
phate  6f  potassa  gives  no 
precipitate. 

Insoluble  in  hydrate  of 
potassa. 

Soluble  in  alkaline  car«» 
Donates. 

By  calcination  is  ren* 
dered  difficuHly  soluble. - 


Zircona. 

The  hydroehlorale  it 
precipitated  by  boiling  in 
the  Mate  of  a  heavy  white 
opake  powder.  It  crysi 
tallizes  by  evaporation. 

Exactly  similar. 


Similar. 


Alkaline  citrates  occa- 
sion no  precipitate,  and 
the  solution  is  not  made 
turbid  by  boiling. 

The  sulphate  is  not  pre- 
cipitated by  oxalate  of  am- 
monia. 

TheeolutioBSof  its  salt«, 
saturated  with  sulphate  of 
potassa,  are  whcdly  pre« 
cipitated.^  If throwndown 
without  heat  the  preeipi« 
tate  is  soluble  in  water. 

The  same. 

The  same,  but  in  much 
greater  quantity. 

Becomes  insoluble  by 
calcination  at  a  red  heat. 


V773         ow  TJ95.  4JiAi,T?l.«.  Of  q^U>^^  1)9 

',  ^  77.  If  the  oxide  t>e  inqjlorQvis,  and  not  reducxblfi 
hj  a  red  heat  ij^ithout  tl^e  poutact  of  caFboaQ.ceoi^ 
ipatter,  and  if  the  revived  metal  be  fudble  or  volatile^ 
it  must  be  elt^ier  oxide  of  zinc,  cadfoium,  arae9iC|^ 
telluriuoi,  anfimo^yy  tio;,  ):»is(nuth,  lead,  or  copper* 
The  five  first. are  volatile  and  fusible,  the  fpurlasj; 
fuaiblp  onl^.  In  either  case  the  metal  will  be  ascer- 
tained by  t)ie  procejBsea  already  descjibe^^  and  th^ 
QQJture  of  the  o^ide  thus  deterpained*  (Oh.  III.  Div^ 
II.  ^  39.  et  seq.) 

The  Qifiides  of  copper,  aDtimoojv  bismuth,  ti^,  lfad> 
l^nd  arseaic,  may  also  be  known  as  follows  : 

A.  Oxide  of  Copper^  by  its  giving  a  blue  or  greeo 
solutipn  with  nitric  acid,  into  which^  if  a  plate  pf  iron 
ke  immersed^  it  i^  instantly  covered  with  a  coatipg  ot 
€0|»per. 

B.  Oxide  of  Antimony ^  is  insoluble  in  nitric,  but 
9olu^le  ^n  I^ydrochlpf ic  ^id ;  the  solution  is  colpur- 
less;  and  i?  preciipitated  white  by  water,  and  op^gj^ 
jrellow  by  sulphuretted  hydro^eo- 

C.  Qjpid^  of  Tiny  like  oitide  of  antimony,  is  in- 
soluble in  nitric,  ai^d  £K>luble  in  hydrochloric  acid^  and 
the  solution  is  cplourlejss,  and  np^  riendgred  turbid  by 
water^  It  is  precipitated  yellow  by  the  hydrosul- 
phjurets^  if  the  Un  be  in  the  state  of  deuto^ic^,  wUch 
it  always  is,  if  treateid  with  nitric  acid  prior  to  its  .solu- 
tion in  the  hydrochloric 

D.  Oxide  of  Bismuth^  gives  colourless  solutions 
^oth  with  nitric  and  hydrochloric  acids,  from  which 
it  is  precipitated  white  by  water,  and  black  by  .sul- 
|ihuretted  hydrogen. 

£.  Oxide  ofLeady  is  soluble  in  nitric  acid^  but  the 
l^ed  or  p,ui:e  coloured  oxide  mi^t  be  first  <calcined ;  the 
tolution  is  colojurless^  -fmd  swpeti/Bh^  its  traiisparenc^- 
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ig  not  disturbed  bj  water;  it  forms  with  sulphurie 
acid,  a  white  precipitate  absolutely  insoluble,  and  a 
white  one  also  with  hydrochloric  acid ;  but  boiling  in 
a  large  quantity  of  water  redissol ves  the  latter,  which 
separates  again  as  the  solution  cools,  in  brilliant 
acicular  crystals. 

F..  Oxide  of  Arsenic^  when  thrown  on  burning  coals, 
exhales  thick  white  flimes,  which  have  the  smell  of 
garlic  or  phosphorus :  it  is  soluble  in  potassa,  and  the 
solution  precipitates  sulphate  of  copper  green  ;  nitric 
acid  separates  a  white  powder  from  the  alkaline  solu- 
tion, and  if  it  be  mixed  with  a  hydrosulphuret  and  an 
acid,  orpiment  is  deposited.     (See  C.  Appendix.) 

G.  Oxide  of  Osmium  has  a  stron^r  smell  like  that 
of  chlorine,  a  very  acrid  taste,  and  when  thrown  on 
burning  charcoal  increases  the  ignition,  like  nitre,  &c. 
(H2.  A.) 

H.  Oxide  of  Manganese^  when  fused  in  a  crucible 
with  five  or  six  times  its  weight  of  common  pearl-ash, 
forms  mineral  chamelion,  {%  40.  C.  Note.) 

I.  Oxide  of  Chromium  is  of  a  dark  green  colour, 
and  gives  chromate  of  potassa,  by  calcination  with  an 
equal  Weight  of  potassa  or  nitre.  This  salt  has  a  red- 
dish yellow  colour,  and  forms  a  yellow  solution  with 
water ;  the  solution,  saturated  with  nitric  acid,  pre- 
cipitates acid  nitrate  of  mercury  red,  nitrate  of  silver 
violet,  and  acetate  of  lead  bright  yellow. 

K.  Oxide  of  Iron  dissolves  in  hydrochloric  acid ; 
from  the  solution,  prussiate  of  potassa  throws  down 
an  abundant  blue  precipitate,  or  if  it  be  not  blue  at 
first,  It  immediately  becomes  so  on  adding  a  solution 
of  chlorine. 

L.  Oxide  of  Cobalty  when  heated  before  the  blow- 
pipe^ or  in  a  crucible,  with  from  20  to  25  times  ita 
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weight  of  (lorax,  forms  a  blae  glass ;  it  gives  a  rose 
coloured  solution  with  hjdroeUoric  acid,  from  wliidi 
the  alkalies  throw  down  gelatinous  flooculi  of  a  violet 
blue  colour.  The  hjdrocfalorate  of  cobalt  afionds  a 
sympathetic  ink. 

M.  Oxide  of  Nickel  gives  with  nitric  acid,  a  grass 
green  solution,  from  which  iron  throws  down  no  pre- 
eipit^te.  Ammonia  first  renders  the  solution  turbid^ 
but  afterwards  restores  its  transparency,  and  turns  it 
violet  blue. 

N.  Oxide  cf  Uranium  is  soluble  in  nitric  add^ 
and  the  scdution  possesses  the  properties  described^ 
(k  41.  E.) 

O.  Oxide  of  Cerium  forms  with  hydrocUorie  acid^ 
a  solution,  which  affords  the  phenomena  mentioned^ 
(^  42.  C.) 

P.  Oxide  of  Titanium^  after  being  calcined  with 
potassa  and  washed,  dissolves  in.  hydrochloric  acid, 
and  the  solution  has  the  properti^  stated  (S  43.  B.) 

Q.  Oxide  of  Molykdena  is  blue,  and  is  changed  by 
nitric  acid  into  a  white  powder,  possessing  the  proper* 
lies  <^molybdic  acid,  {%  41.  H.) 

DIVISION  THE  FOURTH. 
Analysis  of  Mixed  Oxides^   (a). 

%  78'  First  heat  the  mixture  in  a  small  portion  of 
distilled  wat€r,  filter,  and  wash  the  residuum  till  the 
washings  have  no  effect  on  infusion  of  turmeric. 
This  will  dissolve  the  oxides  of  potassium,  sodium, 

(a)  Each  oride  is  nipposcd  to  act  as  if  it  were  insulated^  which  it 
net  perfectly  true,  otherwise  the  problem  would  be  ,too  intricate.  It 
may  be  added,  that  it  is  best  to  follow  this  method  in  all  cases,  and 
«/terwaMxls  submit  each  product  to  a  Iresh  aad  more  rigorous  oann* 
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lilhiiiBi,  faai^iiin,  and  stvontkisi*  N«st  hoU  t]ie  re* 
nainder  in'  succesaive  porttQDs  of  hydrochloric  a^^ 
wbick  will  dissolve  all  the  oxides,  ei^rept  thoa^  of  «•• 
Mciitiii  and  silver,  and  perhaps  of  (itaBiiim,  cbromiamf 
and  zirconium,  (a)» 

Next-pnt  a  plate  cf  iron  into  the  solution,  which 
will  reduce  the  oxides  of  irsdiuv,  geM^  platinii,-rh^. 
dtmn,  palladium,  osraiuiD,  (&),  teUnriuni,  oof^r^ 
bismuth,  antimony,  and  deutojGide  of  menwj ;  s^p»* 
rate  the  precipitate,  and  dilute  the  solution  largely 
with  water,  whicfa  will  throw  dowi^  the  oxide  of 
9V8^ie»  Filter,  and  reduce  the  liquid  by  evaporation^ 
and  immerse  a  plate  of  zinc  (previously  weigh^^d)  into 
it,  which  will  precipitate  the  load,  cadmium,  and  tin; 
then,  having  decanted  the  superabimdant  fluid  from 
these  metals,  make  it  vertf  acid  and  add  an  excei^  of 
ammonia,  which  wiU  predpitate  ibe  oxides  of  oerivm, 
titanium^  uranium,  cfa^omism,  and  icon,  with  the 
zircona,  thorinay  glueitia,  yttria,  and  alumina;  wbikt 
the  oxides  of  nkh^l,  manganese,  zinc,  and  cobalt, 
with  the  magnesia  andMme,  will  i»main  in  soiution^ 
(c>  Next  filter  the  liquid,  and  precipitate  the  nickel^ 


nation.  Oxide  ,of  molybdena  will  be  omitted,  not  having  yet  bees 
thoroughly  examined ;  nor  wHl  protoxide  of  mercury  be  noticed,  as  it 
can  only  exist  in  union  with  acids;  nor  the  ogcides  of  tungsten  and  colum- 
bium,  these  two  metals  not  having  yet  been  obtained  but  in  the  state 
tf  aoidt.    ." 

(a)  It  is  possible  th^se  oxides  may  not  have  suilicient  cohesion  to.  resist 
the  action  of  the  hydrochloric  acid. 

{6)  A  great  part  of  the  oxide  of  osmium  will  be  volatilized  on  lieatisg 
the  mixture  with  hydrochloric  add ;  wdienc^lo  sisQeirtain  if  it  be  presenf  ^ 
it  is  Wter  to  make  the  solution  in  a  retort  furmahed  with  a  receiver^ 
•nd  endeavour  to  obtain  the  oxide  of.  osmium  fronn  th«  .distilled  liquor, 
asnaentioned  (48  A.)  ^ 

(c)  U  the  mixture  contain  both  alumiaa  aad.inagQfiiiii»:Uie  UU^^W}|^ 
kk  part  be  precipitated  wilh  thel^onner* 
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manganese,  zinc,  ancl  cobalt^  by  hydrosulphuret  erf* 
{iota86a;  then  Alter  again,  and  add  subearfoonate  of 
potassa  to  tl^e  clear  solution,  which  will  throw  down 
the  lime  and  '  magnesia  in  the  state  of  carbonates. 
TbuB  the  nvixtope  is  divided  into  eight  parts ;  one 
solution,  one  residuum,  and  sis:  {n^ecipitates.  Suppose 
all  the  substances  above  inentiened  to  foe  present,  and 
let  us  consider  how  they  may  be  separated,  or  at  least 
the  presence  and  nature  of  each  oxide  determined. 
,  %  79.  The  substances  dissolved  by  tlie  \yater  may 
be  first,  examined.  They  are  potassa,  soda^  lithia, 
barya  and  sti'ontia,  (a).  Precipitate  the  two  latter 
by  subcarbonate  of  aaMnonia,  •  filter,  and  then  add  a~ 
slight  excess  of  sulphuric  acid  to  the  clear  solution^ 
evaporate  it  to  dryness,  and  calcine  the  pesidnuni  in  a 
strong  heat..  The  sulphate  of  ananonia  will  be  drives 
eff^  and  the 'sulphates  of  pcrtassa,  soda,  and  litlvia  left. 
Iledissblve  them  in  distilled  water,  and  separate  them 
as  directed  ia  a  former  part  of  this  essay,  (^  44).  The 
earbonates  of  barya  and  strontia  may  then  be  redis* 
solred  in  hydrodilorie  acid,  a  slight  excess  of  pure 
ammonia  added  to  the  solution,  and  the  barya  preci- 
pitated: by  prussiate  of  potassa ;  or  the  two  hydrochlo* 
rates  may  be  separated  (after  evaporation  to  drynessji 
by  boiling*  them  in  very  strong  alcohol.  Hydrochld- 
rate  of  sti^ntia,  according  to  Bucholz,  is  soluble  in 
^  parts  of  that  fluid,  but  bydrochlorate  of  barya 
requires  400  parts. 


•f 


[a)  A  small  portioji  of  Hme,  and  even  magnesia,  may  possibly  be 
contained  in  the  aqueous  solution,  but  from  the  great  insolubili^of 
those  earths  in  water,  they  wili  h*  aimMt  wholly  found  in  con^inatiim 
'mth  the  hyd£ochk>ric  acid.  Lime  regjaires  pearly  800  tinges  its  wngkt 
of  water  to  dissolve  it,  magnesia  SOOO ;  (he  other  earths  may  be>aid  to 
be  iasdiuble. 


J34  OF   THE   AKALY81S  OF   OXIDBg.  [^  80 

§  SO*  Residuum  left  by  the  Hydrochhrie  Acid.-^ 
The  residuum  can  only  contain  silioa  and  zircona^  the 
oxides  of  chroniiuin  and  titanium,  and  chloride  of 
silver.  A  weak  solution  of  potassa  or  soda,  at  the 
temperature  of  about  150°  or  160*,  will  transform  the 
chloride  of  silver  into  hydrochloric  acid  and  oxide  of 
silver,  which  will  be  precipitated,  and  majr  then  be 
redissolved  by  heating  it  with  pure  nitric  acid,  and 
thrown  down  again  by  common  salt,  which  will  give 
a  white  precipitate,  insoluble  in  nitric  acid,  but  very 
soluble  in  ammonia. 

The  oxides  which  remain  undissolved  must  be 
calcined  for  half  an  hour  with  three  times  their  weight 
of  hydrate  of  potassa,  in  a  silver  or  platina  crucible^ 
and  the  product  treated  with  a  large  quantity  of  water, 
and  filtered.  The  alkaline  solution  will  contain  the 
silica  and  the  chromium  converted  into  an  acid*  It 
must  be  saturated  with  nitric  acid,  and  divided  into 
two  portions,  one  of  which  is  to  be  evaporated,  and 
the  other  tested  with  the  nitrates  of  silver,  mercury, 
and  lead,  which  will  produce  with  the  chromic  acid, 
respectively,  crimson,  red,  aud  yellow  precipftates* 
The  portion  reduced  by  evaporation  will  become 
gelatinous,  and  the  silica  may  be  obtained  separate, 
either  by  adding  an  acid  to  the  concentrated  solution, 
or  by  evaporating  it  to  dryness,  and  washing  the 
residuum  with  large  quantities  of  water. 

The  matter  remaining  on  the  filter,  will  consist  of 
the  oxides  of  titanium  and  zirconium,  and  is  to  be 
redifisolved  with  heat  in  hydrochloric  acid.  Infusion 
of  galls  will  give  a  blood  red  precipitate  with  the 
oxide  of  titanium,  by  prussiate  of  potassa  it  will  be 
thrown  down  red,  by  hydrosulphuret  of  potassa,  of 
a  deep  green  grass,  and  oxalic  acid  will  form  a  white 
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ftocculeat  deposit  of  oxalate  of  titanium,  retaining  a 
portion  of  the  hydrochloric  acid«  By  calcination  this 
will  be  driven  off,  the^  oxalic  acid  decomposed,  and 
the  oxide  of  titanium  will  remain  uncombined.  The 
sircona  will  be  redissolved  by  being  agitated  with  a 
great  excess  of  subcarbonate  of  ammonia^  from  which 
it  may  be  separated  again  by  boiling. 

S  81.  First  Precipitate^ — This  being  composed 
wholly  of  reduced  metals,  they  will  be  recognised  by 
the  methods  already  described,  (Cb.  III.  Div.  S^ 
remembering  that  rhodium,  by  the  presence  of  other 
.metals,  may  become  soluble,  not  only  in  aqua  regia^ 
but  even  in  nitric  acid;  it  will  be  right  therefore  to 
seek  for  it  both  in  the  residuum  and  solution. 

k  83.    Second  JPrectpt/o/e.— This  consists  only  of 
the  oxide  of  arsenic. 

§  83.  Third  Precipitate. — This  precipitate  also  con- 
sisting of  metals  in  the  metallic  state,  like  that  of 
No.  81,'  they  will  be  known  by  consulting  the  direo^ 
tions  contained  in  Ch.  III.  Div.  3. 
.  S  84.  Fourth  Precipitate, — The  oxides  of  cerium^ 
uranium,  and  iron  with  the  tborina,  glucina,  yttria, 
and  alumina,  (vide  note  (r)  %  78)  and  perhaps 
zircona,  and  the  oxides  of  titanium  and  chronyum^ 
will  be  found  in  this  precipitate.  The  oxide  of 
uranium  is  easily  separated.  It  is  only  necessary  to 
heat  the  precipitate,  wkh  a  solution  of  subcarbonate  of 
potassa,  filter,  and  add  successively  an  acid  and  ammo- 
nia, each  in  excess;  thecarbonates  will  dissolve  the  oxide^ 
and  the  ammonia  will  throw  it  down  again  from  the  acid. 
Potassa  or  soda,  with  the  assistance  of  heat,  will  dis- 
solve the  glucina  and  alumina,  (a)  which  may  be  sepa* 


(tf)  If  the  alumina  was  combined  with  magAesia,  it  will  ooly  b«  dia^ 
■olvcd  is  part  by  the  potassa. 


1^  01^   THfi   ANALYSIS  O^i^  ^)^I1>1^*  .^VS4 

rated  from  eaeh  other  by  super-smiurttting'the  alkalnie 
tfolutkm  with  hydrochloric  acid^  and  then  adding  H 
great  excess  of  subcarbondate  of  amAatoiiia  and  agitaliiig 
the  mixture;  the  aminoiiia  wiU  throw  down  both  the 
«arths,  but  redjssolve  the  glucina,  Afier  the  oxide  of 
Uramum,  the  glucina  and  alumina  are  separated,  dis* 
solve  the  other  oxides  in  hydrochloric  actd,  evaporate 
the  solution  to  dryness,  and  treat  the  residuum  with 
boiling  water,  which  will  iinniediately  precipitate  the 
gt^atest  part  of  the  oxid«  of  titanium,  the  zircona 
mod  thorina.  By  calcination  to  redness,  the  oxide  of 
titanium  and  the  zircona  will  be  rendered  insoluble  in 
l^itric  acid,  but  the  thorina  will  not  be  alteined,  whence 
it  may  easily  be  separated  from  the  other  two.  (See 
S  80,  for  the  titanium  and  eircona.) 

The  solution  by  boiling  water  must  then  be  potn'ed 
by  degrees  into  a  great  excess  of  solution  of  subcar-* 
bonate  of  ammonia,  and  the  mixture  shaken;  the 
jrttria,  and  the  zircona  (which  may  have  efscaped  the 
action  of  the  hydrochloric  acid)  will  remain  in  solo* 
Hon;  next  filter  the  liquid  and  heat  it,  by  wMch 
means  it  will  deposit  them  again,  and  they  may  then 
lie  separated  by  redissolving  them  in  hydrochloric 
acid,  and  adding  first,  neutral,  hydrosulphuret  of 
ammonia,  which  will  throw  down  the  xirtoim,  and 
then  ammonia,  to  precipitate  the  yttria. 

It  remains  to  look  for  the  oxides  of  cerium,  and 
iron ;  calcine  the  precipitate,  (which  may  possibly  still 
contain  some  chrominm,  titanium,  and  tboriim,)  atm 
redlieat,  with  an  equal  weight  of  potilssa;  if  it  contain 
chromiifra,  by  digesting  this  mass  in  water  and  letting 
the  liquor  stand  some  time  it  will  become  yellow,  and 
when  neutralized  by  an  acid,  acquire  the  property  of- 
giving  a  red  precipitate  with  the  acid  nitrate  of  mer- 


cHry^  ftitd  a  irioleif^oiife  wi&  ilitratedf  8ilvte^):.ihe 
|)<recipi'tMe  madt  necisssairtljr  coivlftiii  irod,  ^indd  tlm 
netal  was  used  io  Separate  sevcfral  of  the  ^hl»iii,  tot 
to  kaow  if  it  formed  part  nf  the  ortgifml  mixtoi^ 
prnssiate  of  potassa  must  be  pbored  into  a  portion  4g[ 
the  first  hydrodbloric  solution.. previously  fr^edfrdm 
most  of  tibe  other  metals  by  sidphuretted  hydrogen.  ^ 

Lastly,  the  oscid^  of  cerium  will  be  di9tiligiiish(kl  by 
collecting  the  portion  not  act^d  on-  by  the  pdtoss^ 
dissolving  it  in  hydrocblol*ic  acid,  evaporating  tte 
solution  to  d^yneiss,  and  digesting  the  reskiviini  in 
boiling  water^  which* will  take  up. the  hydr^cbl<^[*a<f& 
of  cerium,  and  decompose  the  hydrochlorates  df 
titanium  and  thorina,  with  which  it  nrny  be  mixsii. 
The  liquid  must  then  be  filtered,  the  cerium  thrown 
^down  by  tartrate  or  oxalate  of  potassa,  and  the  preci- 
.f>itate  cdcined  to  separate  the  oride.  Care  mosl;  be 
ttfl^n  not  to  beat  th^  oxide  of  Cerium  too  strongly, 
lest  it  be  vdiatilized  and  lost.  <See  Thomson's  Cbo- 
nistry^  vol.  I,  p.  408^  fifth  edit.)  (6). 

^85.  Fifth  Predpiiate. -^Thh  precipitate  ean  onlj|r 
consist  of  the  hydrosulphurets  or  Milpburets  c^nickei, ' 
cobalt,,  zinc,  and  manganese,     fieil  it  with  ^rOng 
nitric  acid,  two  or  three  times,  to  dryness,  to  p^r- 
oxidate  the  manganese,  which  will  thus  become  very 
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(o)  S^nld  it  also  Cfomiin  a  portion  of  xtni^aneee,  wlndh  h  not 
ii|^lik«Iy»  the  po£a«sa  after  fanoa  will  thea  h&ve  a  green  colour,  asad. 
'aSord  the  mineral  chaiftelioB. 

(h)  In  the  remaining  liquor  will^be  foufid  thefMagnetia  ^a^rieddow^ 
'hf  the  ahunte^  if  both  w^re  present.  It  will  be  combinicd  with  a  pait 
<Df  the  ahiltiiffa,  ail  the  oxide  of  iron,  and  possibly  a  portiotf  6f  nunf- 
IfaacVe^  and  may  be  obtained  by  adding  iucc«Bsiveiy  nentfal  hydr^f^U 
phuret  of  ammonia,  and  potassa.  The  jGrst  will  separate  the  altrniipii 
pure,  and  the  oacides  of  ircm  and  mtoganese  in  the  state  of  bydrbiulpliu* 
rets,  and  the-potatoa  will  throw  down  the  magnesia. 
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difficalt  of  solution.  Add  fresh  diluted  acid  to  take 
up  the  other  metals,  and  when  their  solution  is 
effected,  decant  the  liquid  front  the  peroxide  of  man- 
ganese, concentrate  it  to  drive  off  the  gpreater  part  of 
the  excess  of  a6id,  and  heat  the  whole  with  an  excess 
of  caustic  potassa,  which  will  throw  down  the  oxides 
of  nickel  and  cobalt,  and  redissolve  the  zinc,  which 
must  then  be  separated  from  the  alkaline  solution,  as 
directed  (^  45  C.)  The  oxides  of  nickel  and  cobalt 
must  be  redissolved'whilst  moist,  in  a  solution  of  pure 
ammonia  in  excess,  and  largely  diluted  with  distilled 
water;  the  addition  of  pure  potassa  or  soda,  will  theft 
immediatelj  throw  down  the  nickel,  which  may  be 
separated  by  the  filter,  and  the  cobalt  after wardis 
obtained  firom  the  remaining  solution  by  boiling  (a). 

§  86.  Sixth  Precipitate. — This  consists  only  of  the 
carbonates  of  lime  and  magnesia.  Dissolre  it  in  ^ 
nitric  acid,  concentrate  the  solution  and  add  a  suffix 
cient  quantity  of  sulphuric  acid,  to  convert  both  the 
salts  into  sulphates,  evaporate  to  dryness,  and  expel 
the  excess  of  acid  by  heat.  A  saturated  solution  of 
sulphate  of  lime  in  distilled  water,  will  then  take  up 
all  the  sulphate  of  magnesia  and  leave^  the  gypsum 
Untouched  (6).  (Phillips.  Journal  of  Science  and  the 
Arts,  No.  12,  January,  1819.) 

t  m  imiliMli  i.i.iii»- .11. ■  -■         iiiiiiiiiii  I  I  II  — .— ^i— — — «ifa». 

(a)  Thomson  quote*  the  following  method  of  Thenard  (An.  de  Chem. 
ToUL,  page  U7,)  as  *«  the  most  elegant."  The  mixture  of  the  two 
metab  is  to  be  thrown  down  by  an  alkaline  carbonate,  and  then  treated 
.with  chlorate  of  lime.  The  cobalt  is  converted  into  a  p'eroxide  insoluble 
in  ammonia,  but  the  nickel  is  still  soluble.  Digest  in  ammonia.  The 
nickel  «]one  is  taken  up.  Drive  off  the  ammonia;  dissolve  the  oxide  in 
nitric  acid»  and  crystallize.  (Thomson's  Chemistry,  fifth  edition,  vol.  3, 
l)age544). 

(S)  I  have  had  some  doubt  whether  to  insert  or  r^ect  this  tedious 
analysit,  but  thinking  on  thi(  whole  ^hat  it  may  be  useful  to  the  chemical 
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^  87.    Of  Bagr^Qy  Strontiay  .Limey  arid  MagneHd.'  . 

Dissolve  thein  in  hydrochloric  acid,  evaporate  tli^ 
^alts  to  dryness,  and  boil  them  in  strong  alcohol^ 
which  will  dissolve  all  but  the  hydrochlorate  of  barja. 
l)ilute -the  alcoholic  solution  with  water,  and  pouir 
into  it  a  solution  of  subcarbonate  of  potassa,  tb  preci- 
pitate the  strontia,liiae,  and  magnesia.  Convert  the 
carbonates  into  nitrates,  and  beat  thetn  with  alcohol; 
the  nitrates  of  lime  and  magnesia  will  be  dissolved^ 
and  the  nitrate  of  strontia  left.  Precipitate  the  lime 
and  magnesia  again  by  subcarbonate  of  potassa,  sepa- 
rate the  liquid,  and  pour  weak  sulphuric  acid,  in. very 
slight  excess,  on  the  carbonates.  The  sulphate  of 
Jime  will  precipitate,  and  the  sulphate  of  ihagnesiai 


Uudenty'l  determine  to  let  it  stand.  From  Its  etcesstvely  complic^tedt 
natiire,  it  can  hardly  be  expected  to  be  very  c(M*rect ;  it  is  indeed  but  a 
rough  outUue,  which  would  require  details  as  useless  as  irksome^  to  fill  . 
it  up.  I  havi&  found  it  necessaiy  to  make  several  alterations  from  the 
original  in  which  some  of  th'e  directions  are  inconsistent  with  the 
•phenomena  that  occur  under  the  supposed  circumstances.  Thus,  leadi 
vrs.ntCf  and  //»,  are  enumerated  amongst  the  metals  thrown  down  by  a 
bar  cf  iron.  Manganese  is  directed  to  be  precipitated  from  \ts  solution^ 
■previously  made  very  acid^  by  ammonia,  and  nickel  and  cobalt^  to  be  separate4 
by  sulphuretted  hydrogen.  Lead  is.  indeed  precipitated  in  a  very 
beautiful  manner  in  the  metallic  state,  from  its  saturated  solution  ia 
nitric  acid,  by  a  bar  of  iron,  but  I  have  not  succeeded  in  producing  ^e*  ' 
$ame  effect  with  the  hydrochlorate,  the  state  in  which  it  is  supposedT to 
exist  in  the  preceding  analysis.  I  hope  the  scheme  I  have  adopted  may 
render  the  processes  somewhat  less  confused  and  inaccurate,  but  t 
know  that  they  are  still  very  imperfect.  The  case  however  is  so  un- 
likely, I  had  almost  said  impossible  to  occur,  in  actual  practice,  that  \ 
do  not  think  it  worth  the  time  and  labour  to  attempt  its  more  p^rfecii 
solution.  It,  is  rather  a  curious  than  a  useful  problem,  a  chemical 
riddle,  lybich  may  serve  to  amuse  the  ioiaginatioB,  but  jcan  be  attended 
with  no  other  prcffit,  than  what  may  be  derived  f^^om  the  meutal  exercise 
ft*give»  rise  t^*  >  .   ..  •<  • 
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remain  in  solution,  and  must  be  separated  by  <|ie 
filter,  (a.)  The  quantity  of  hydrochlorate  qf  barya, 
Hfhen  thoroughly  dry,  will  give  that  of  the  barya,  and 
n  like  manner  from  the  sulphate  of  lime,  sulphate  of 
magnesia,  and  nitrate  of  strontia  are   obtained  the 

(a)  Dr.  Thomson  employs  the  following  method  to  separate  lime  and 
magnesia.  Dissolve  the  mixture  of  the  two  earths  in  hydrochloric  on 
nitric  acid,  then  add  to  the  solution  a  quantity  of  sulphuric  acid  capable 
of  .saturating  them  both ;  evaporate  the  liquid  to  dryness,  aud  expo$c. 
the  residual  mass  to  a  heat  sufficient  to  expel  the  excess  of  acid.  Digest 
'  the  dry  mass  in  wat^r,  and  pour  a  little  alcohol  into  the  solution  to 
diminish  the  solubil^y  of  the  sulphate  of  lime;  by  this  means  the 
•ulphateof  magnesia  is  obtained  in  solution,  while  the  sulphate  of  lime 
rf  i^ains  behind  in  the  state  of  a  white  powder.  Dr.  Thomson  does  not 
consider  this  method  as  absolutely  precise,  but  the  error  is  very  trifling 
if  the  experiment  be  rightly  conducted.  (Annals  of  Philosophy, 
Nov.  1818.) 

Mr.  Phillips  has  lately  proposed  the  following,  which  seems  tp  me 
tlie  best  method,  or  rather  the  only  perfect  one  hitherto  suggested,  for 
feparating  these  two  earths.  I  insert  it  in  Mr.  Philiips's  own  words 
taken  from  his  paper  on  this  subject  in  the  Journal  of  Science  and  ^he 
Arts.  voU  VI,  page  Si 7. 

*<  To  the  muriatic  or  nitric  solution  of  lime  and  tnagnesia,add  sulphatQ 
of  ammonia  m  sufficient  quantity,  evaporate  the  mixture  gradually  to 
dryness,  and  then  heat  it  to  redness  till  it  ceases  to  lose  weight,  by^  the 
volatilization  of  the  muriate  or  nitrate  of  ammonia  formed.  Note  the 
weight  of  the  mixed  salt,  reduce  it  to  powder,  and  wash  it  with  a 
saturated  solution  of  sulphate  of  lime,  till  all  the  sulphate  of  magnesia 
appears  to  be  dissolved ;  dry  the  sulphate  of  lime  left,  and  by  deducting 
its  weight  from  that  of  the  mixed  sulphates,  the  quantity  of  sulphate  oT 
magnesia  dissolved  will  appear. 

■*  I  prefer  sulphate  of  ammonia  to  sulphuric  acid,  because  the  opera- 
tion is  not  only  less  'disagreeable,  but  the  contents  of  the  crucible  are 
not  so  subject  to  spirt  out  of  it,  and  occasion  loss. 

**  If  it  be  required  to  verify  the  experiment,  by  ascertaining  the 
quantity  of  sulp'hate  of  magnesia  dissolved,  this  may  be  eifected  hf  two 
modes;  first,  by  noting  the  quantity  of  solution  of  sulphate  o£  time 
enjoyed,  and  ascertaining  how  much  carbonate  of  lime  a  similar 
qtlantity  of  it  yields  by  carbonate  of  soda;   all  excess  of  w^iglit 
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qiitintity  of  ba»e$  lyfaicb  enter  into  the  composition  of 
those  salts.  , 

100  parts  of  hydrocbloratf  of  barya  cbnt'ain    74     barya 
>■  lulphate  of  lime        .        .       .    41 .5  lime 
'  sulphate  bf  mftgnetiA        •        .    3S     magnesia 

^     I  ■         ■    nitrate  of  sirontia  .        .    4&6  strontia. 

I 

%  88.  Of  Alumina^  Glucina^  Yitriay  Zircona^  Silica^ 
Oxide  oflrotiy  Oxide  of  Manganese,  and  Oxide 
of  Chromium. 

Silica,  being  the  only  one  of  these  substances 
insoluble  in  hydrochloric  acid,  is.easily  separated  (a); 
then  add  neutral  and  quite  pure  hydrosulphuret  of 
«xHiQionia  %o  the  solution,  to  throw  down  the  alu- 
mina and  zircona ;  the  oxides  of  iron,  manganese, 
end  ehromiurti,  {b)  with  the  yttria  and  glucina  Will 


obtained  by  similar  means  from  the  solution  employed,  will^  of  course^ 
l>e  owin^  to  carbonate  of  mag^nesia,  and  by  this  the  quantity  of  sulphat« 
diMolved  may  be  discovered, 

**  Secondly,  ttie  quantity  of  sulphate  of  magnesia  dissolved,  may  be 
known  by  comparing  the  quantities  of  sulphate  of  barytes  obtainable 
from  the  pure  solution  of  sulphate  of  lime,  gad  from  that  of  the  tw<» 
sulphates. 

^  In  order  to  shew  whether  this  method  may  be  relied  upbn  witb 
any  degree  of  confidence,  1  added  one  grain  of  sulphate  of  lime  to 
aS6ut  four  ounces  of  a  mixed  solution  of  sulphate  of  magnesia  and 
sulpbate  of  lime;  AOt  a  particle  appeared  to  be  dissolved,  the  sulphate 
readily  subsiding,  whereas,  a  similar  quantity  of  solution  of  sulphate  of 
magnesia  appeared  to  dissolve  the  sulphate  of  lime,  as  readily  as  if  ■• 
sulphate  of  magnesia  had  been  present*' 


.»» 


{a)  Possibly  the  oxide  of  chromium  and  the  zircona  may  be  dissolved, 
which  must  partly  be  the  case  if  the  oxides  have  been  calcined  at  a  red 
heat.    la  that  event,  the  residuum  must  be  traated  as  directed,,  (§  80. ) 

{h)  It  IS  essential  that  the  hydrosulphuret  be  quite  free  from  any 
adm^t«h;  of  catbonit^. 

I  2 
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remain  dissolved.  To  oht^^in  them,  add  pota&sa  in 
excess,  filter  the  new  solution,  heat  it  with  hydrochloric 
acid  to  drive  off  the  sulphuretted  hjdrogen,  and  mix 
it  with  ammonia.  The  potassa  will  precipitate  the 
jttria  but  retain  the  glucinain  solution,  and  the  latter 
will  be  disengaged  from  the  hydrochloric  acid  by  the 
ammonia. 

The  silica,  yttria,  and  glnciiia  being  separated, 
digest  the  precipitate  of  alumina,  zircona,  oxides  of 
iron,  mans^anese,  and  chromium,  in  solution  of  potassa 
^at  a  temperature  of  about  160°  to  dissolve  the.  alumina, 
whiob  luay  then  l)e  separated  by  supersaturating  the 
solntion  with  an  acid  and  adding  ammonia. 

To  obtain  the  zircona,  dissolve  the  four- remaining 
oxides  afresh  in  hydrochloric  acic|,  and  agitate  the 
solution  with  a  great  excess  of  subcarbonate '  of 
ammonia,  which  will  throw  down  the  oxides  of  iron^ 
manganese,  and  chromium,  but  dissolve  the  zircona, 
(§  80)  and  it  may  be  separated  again  from  the  solution . 
by  simply  boiling  it.  If  it  be  coloured,  it  must  be 
purified  by  redissolving  it  in  hydrochloric  acid,  and 
adding  very  cautiously,  drop  by  drop,  a  solution  of 
hydrosulphuret  of  ammonia,  till  it  ceaSeS  to  give  a 
black  precipitate,  then  filter  and  throw  down  the 
zircona  by  caustic  ammonia.  '  To  separate  the  oxides 
of  chromium,  iron,  and  manganese,  calcine  them  with 
an  equal  weight  of  nitrate  of  potassa,  in  a  platins 
crucible;  the  chromium  will  thus  be  acidified  and  unite 
to  the  potassa ;  oxide  of  manganese  also  will  combine 
with  the  alkali,  but  be  wholly  separated  again,  with 
the  iron,  by  throwing  the  mass  into  water,  and  expos- 
ing the  liquor  to  the  air,  whilst  the  chromate  of 
potassa  will  remain  in  permanent  solution.  '  To 
extract  it|  saturate  the  solution  with  nitric  acid,  add 
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tiitratte  of  mercury,  and  calcine  the  chromate  of  mer- 
cury produced ;  the  oxide  of  chrome  will  remain  in  the 
retort*  The  oxides  of  iron  and  manganese  must  be 
separated  as  already  directed  (^  55  Note.) 


§  89.  Bar^a, '  Strontia^  Lime^  Magnesia^  Glut^ina^^ 
Ytlricu  Alumina^  Zircona.  Silica.  Oxides  of^ 
IroHy  Manganese^  and^  Chromium, 

*  • 

This  aiialyeis  i^  irt  some  degree  composed  of  the 
two  preceding.     Thus  the  mixture  is  to 'be  treated, 
with  hydrochloric  acid,  and 'the  solution  with  hydro- 
fiulphuret  of  ammonia.     The  acid,  dissolves  all  the  * 
bases,   except   th6   silica;   the  alumina  and  zircona, 
with  the  oxides  of  iton,  manganese,  and  chromium, 
are  precipitated  by  th^f'hydrosulphuret  and  may  be 
separated  from  each  other  as  already  directed,  (§  88.) ' 
Next,  pour  an  excess  of  hydrochloric  acid  into  the 
filtered  liquor,  and  heat  it,  to  expel' the  sulphuretted  ' 
hydrogen,  after  which  add  successively  ammonia  and 
solution  of  subcarbonate  of  potassa,  which  will  give' 
two  precipitates,  the  first  consisting  of  glucina  and 
•  yttria,  the  second  of  the  carbonates  of  barya,  lime, 
.  strontia,  and  magnesia,    the  proportions   of  whose 
bases  are  to  be  determined  in  the  same  manner  as  if 
they  were  uncombined  (§  87.)     For  the  glucina  and  . 
yttria,  heat  the  solution  of  potassa,  which  dissolves 
the  former,  and  leaves  t?he  latter,  and  the  glucina  may* 
then  be  obtained  in  the  usual  manner,  by  saturating 
the  solution  with  an  acid,  and  adding  ammonia^ 
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Analysis  of  Stones, 

^  90.  Stones  are  natural  combinations  of  vario^r 
oxides,  sometimes  containing  as  accessary  principles,' 
acids,  combustibles,  and  salts.  They  are  chiefly  com- 
posed of  silica,  alumina,  .lime,  mas:nesia,  and  the 
oxides  of  iron  and  manganese.  They  sometimes,  but 
rarely,  contain  glucina,  yttria,  zii  cona,  potassa,  soda^ 
apd  oxide  of  chromium ;  more  rarely  barya  and  ox^e 
of  nickel,  and  still  more  so  lithiaand  the  other  oxides* 
Silica  and  alumina  are  their  ipost  frequent  and  abu^- 
4^ni  elements. 

§  91.    Most  stones'  are  tpo.  hard  to  be  leadily  acted' 
on  by  acids ;  they  must  first,  tberefere^  be  ground  in 
an  agate  or  flint  mortar,  in  portions  of  eight  or  tea 
grains  at  a  time,  till  reduced  to  am  impalpable  pow- 
der (a);  then  weigh  off  50  or  100  grains  and  put  tb^m 

in  a  silver  or  platina  crucible,  with  tkree  or  four  time^ 

'•        >  '  ...» 

their  weight  of  hydrate  of  potassa,  or  soda ;  cover  the 
crucible  with  its  lid,  and  expose  it  by  degrees  to  a  red 
beat,  and  after  the  matter  is  fused^  or  at  least  has 

'  become  pasty,  which  will  require  abatttt  three-quarters 
of  an  hour,  withdraw  it  from  the  fire^  and  when  cool^ 

.  pour  water  on  the  mass,  iind  heat  it  again ;  repeat . 
this  operation  several  times,  decan^ng  each  portion 
into  a  capsule  with  the  greatest  care  not  to  lose  aiv 
atoni,   till  the  whole  is  detached  from  the  crucible*. 
Hydrochloric  a^cid  must  then  be  added  by  degrees,  and 


(a)  When  the  stone  is  very  hard  it  is  well  to  luttt  it  red>  and  plunge 
it  in  water;  by  these  means  its  pulverizatioB  i^-siuch  facilitated. •  It 
Biuft  be.  ascertained  that  it  loses  nothing  by  tlufc  calcination,  or  ^  ac- 
count kept  of  what  it  may  lose. 
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the  mixture  stirred  to  assist  the  action  of  the  acid< 
When  the  solution  is  complete,  evaporate  it  to  chry- 
ness,  (a)  to  volatilise  the  excess  of  add^  boil  the  resi* 
duani  in  eii;ht  or  ten  times. its  bulk  of  water  aod 
filter)  the, silica  will  be  collected  on  the  filter*  Tbe 
other  bases  will  be  obtained  from  the  filtered  liqoqr 
(which  must  be  mixed  with  tbe 'washings)  in  the  ua«^l 
laaniler.  {%  89.) 

A  preliminary  trial  should  be  maa^^  to  ascertain  iiifi 
constituent  principles  of  the  stone^.  and  l^  separate  "qjaie 
to  determine  their  proportions. 

^  92.  If  the  sum  of  the  weights  of  the  sevt^^lii)* 
gradients  obtained  by  the  analji^is  does  not  eqC^ 
within  a  few  hundredth  parts  the  weight  of  the  stone 
emjdoved,  it  probably  contains  an  alkali.  To  ascertaili 
thia,  iiise  li  certain  quantity  of  the  stone  with  boracjc 
acid,  or  nitrate  of  bary a,  diffuse  the  mass  through  water, 
and  treat  it  with  hydrochloric  acid^  then  evaporate 
the  solution  to.  dryness  to  drive  off  the  Excess  of  acid^ 
pour  water  on  the  residuum,  filter  the  liquor  to  sepa* 
rate  the  silica  and  boracic  acid,  deposited  during  the 
evaporation,  and  add  subcarbonate  of  ammOnia, 
which  will  decompose  the  salts  of  lime^  magnet, 
alumina,  &p. ;  filter  again  to  separate  the  precipitate 
thrown  down  by  the  subcarbonate  of  aihoionia, 
evaporate  the  solution  to  dryness,  and  calcine  the  re- 
fiiduid  mass  in  a  strong  heat  in  order  to  volatilize  the 
hydroohlorate  of  ammonia  formed  iii  the  procesa.-^ 
The  new  residuum  will  consist  of  the  potassa,  8od% 
or  lithia,  combined  with  hydrochloric  acid.    It  muat 


(a)  When  the  evaporation  is  nearly  finuhed  the  beat  must  be  carefttHy 
regulated,  aud  the  matter  stirred  incjessantiy^  to  prevent  any  «(C  A 
jpirtin^  out  of  the  capsule. 


I 


|36  5p  thIb  analysis  of  oxides.  [§9* 

be  <I^onit)osecl  by  diluted  sulphuric  acid  ;  the'saKne 
inass  dissolved  iti  water^  and  the  alkaline  sulphates 
separated  in  the  manner  already  directed  (%  44.); 
or,  the  dry  hydrochlorate  may  \je  first  digested  in 
strong  alcohol,  which  will  dissolve  the  hydrochlorate 
of  lithia,  and  then  the  remainder  converted  into^oU 
phates,  and  separated  by  crystallization; 

§  93.  If,  notwithstanding  the  loss  of  weighty  no 
litkaline  matter  can  be  found  in  the  stone,  it  may  pro^ 
bably  coDtain  an  acid.  This  musi  be  determined  by 
submitting  it  to  various  tests  and  its  quantity  accUn 
rafely  ascertained,  (a) 

:  V94.  Suppose  it  were  required  to  analyse  a  speci"; 
men  of  aqu^-^marine,  which,  according  to  M.  Yauque- 
lin,  is  composed  of  69  parts  of  silica,  13  alumina,  '16 
glucina,  one  of  oxide  of  iron,  and  O.d  of  lime.   . 

A.  The  siliou  being  separated  as  just  directed,  pour 
an  excess  of  ammonia  into  the  solution,  which  will 
.throw  down  the  alumina,  glucina,  and  oxide  of  iron. 
Collet  the  precipitate  on  a  filter,  and  wash  it  till  the  . 
washings,  cease  to  turn  syrup  of  violets  green. 
.  B.  ^  ihe  washings  being  mixed  with  the  filtered 
g(dution,i  add^to  it  subcarbotiate  of  potassa,  to  throw 
down  the  lime,  which,  being  Washed,  dried,  and 
strongly  calcined,*  gives  the  whole  of  the  lime  in  the 
aqua- marine. 

C.  Scrape  oflhthe  precipitate  (A*)  in  its  gelatinous 
atate  A'om  the  filter  with  an  ivory  kni^,  and*  heat  it  in  ' 
a  capsule  with  a  gfreat  e!jtcess  of  solution  of  caustic 
potash,  whioh  willdissolve  the  glucina  and  alumina, 


(a)  This  is  a  case  of  very  tstrie  occurrence  :  hitherto  jOnly  the  fluorie. 
and  pWosphoric  acids  have  been  found  in  the  hard  stones  employed  'z%^ 


kOS]  OF   THE    AWALYSSS   OF   OXIDBg*  Igf 

but  haTe  no  action  on  the  oxide  of-  iron^  After  hdil^' 
ing  15  Of  20  minutes,  mmovo  the  capsuie  from  the  fire^ 
and  when  cooled  to  about  100^^  filter  the  liqnbr,  (i»> 
and  wash  the  filter  as  long  as  it  gives  any  indicatioa 
of  an  alkali;  collect  the  oxide  of  iron,  dry,  calcine^ 
and  weigh  it. 

D.  Saturate  the  alkaline  liquor. with  nitric  or  hp 
drochloric  acid,  and  add  an  excess  of  ammonia  to 
precipitate  the  whole  of  the  glucina  and  aliirvina. 

E.  Dissolve  the  precipitate  of  the  last  experiment 
in  weak  hydrochloric  acid,  and  pour  the  solution  by 
degrees  into  a  large  excess  of  solution  of  carbonajte  of 
ammonia,  shakfng  the  vessel  after  the  addition  of  each 
portion.  The  glucina  lyill  he  dissolved,  and  the 
alumina  deposited  in  white  flakcfs,  which  may  be  col- 
lected on  a  filter,  and  its  quantity  ascertained  by 
weighing  it,  after  it  has  been  washed,  dried,  and 
calcined, 

F.  Lastly,  to  obtain  the  glucina  and  finish  the 
analysis,  boil  the  solution  effected  by  the  carbonate  of 
ammonia,  which  will  volatilize  that  salt  and  throw 
down  the  glucina;  collect  it  on  a  filter  like  the  alu- 
mina, and,  when  washed,  dried,  and  calcined,  ascer- 
tain its  weight. 

§  95.  The  preceding  method  differs  a  little  from 
that  described,  (§  89.)  where,  after  separating  the 
ailica,  hydrosulphuret  of  ammonia  is  added  to  the 
liquid  instead  of  ammonia,  which  is  preferable  when 
the  stone  contains  both  magnesia  and  alumina;  fer 
if  ammonia  be  poured  into  a  mixed  solution  of  aluDii-> 
nous  and  magnesian  salts,  the  precipitated  alumina 


(a)  If  the  liquor  be  so  caustic  9b  id  burn  holes  in  the  paper,  dUut^^it 
with  water. 
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wiU  carry  down  a  part  i>f  the  niagnedia,  and  the  tw& 
|mes  cannot  easilj  be  sepairated,  but  by  dtSMdving^ 
ikem  in  an  acid,  and  addins^  a  hydrosulphuret*  (a) 
But  if  the  solution  contain  only  magnesia^  without 
my  mixture  of  alumina,  and  be  sufficiently  acid,  the 
ammonia  will  not  throw  down  a  particle  of  magnesisv 
In  all  other  respects  the  analysis  is  easily  performed 
til  eflher  case. 


Analj/sis  of  Clays. 

^  96.  Clays  being  formed  at  most  of  silicst,  alu- 
nuuia,  carbonate  of  lime,  oxide  of  iron  and  water, 
may  be  analysed  by  processes  similar  to  those  already 
described.  The  silica  is  to  be  extracted  as  in  bard 
stones,  then  ammonia  will  precipitate  the  alumina 
and  oxide  of  iron  from  the  acid  solution  i  after  which, 
filtering  the  liquid  and  adding  subcarbonafe  of  po- 
tassa,  we  obtain  a  fresh  precipitate  of  carbonate  of 
lime.  Solution  of  potassa  will  separate  the  oxide  of 
iron  and  alumina  in  the  usual  manner.  The  quantity 
of  water  may  be  found  by  calcining  a  portion  of  the 
clay  strongly  in  a  platina  crucible,  deducting  from  its 
loss,  of  weight  after  the  operation  that  of  the  carbonic 


"♦^f 


(a)  These  bases  may  indeed  be  separated  by  the  alternate  actkin  elf 
cswitie  potassa  and  hydrochloric  acid,  precipitatiplj^  the  mixed  residuuxtt 
J^  by  the  alkali,  and  re-dissolved  by  the  acid,  by  ammonia,  and  again 
treating  it  with  caustic  potassa.  This  process  requires  several  repetitions. 
The  potassa  in  each' process  dissolves  a  portion  of  the  alumina,  so  that  it3 
qnantity  in  the  acid  solution  continually  diminishing,  it  carries  doWA 
less  and  less  magnesia  each  time  when  precipitated  by  the  ammonia. — 
Thus  all  the  alumina  is  at  last  obtained  in  combination  with  the  pota«;sa 
»nd  att  the  magnesia  with  the  acid  and  ammonia,  and  may  be  separated 
by  the  usual  methods. 


'  h.m 
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j>osed  in  the  proces^^  ^^  ^^l  ^^  known  fmm  <tii# 
qUAPtity  <»£  liiae  obtained  in  the  analysis ;  IQO  parts 
.^  liipe  indicati^  7S  <^  earhcMiic  acid.'  . 


DIVISION  THE  FIFTH. 


Analym  of  Metallic  Oxides. 


^  97.  Some  oxides,  those  of  mercury  and  of  the 
last  di  vision^  for  instance,  are  readily  reduced  by  heat ; 
the  proportion  of  their  elements  may,  therefore,  be 
determined  by  its  agency  alone. 

A.  Dry  the  oxide  completely,  either  by  exposing 
it  to  the  temperature  of  boiling  water,  or  by  placing 
it  in  a  basin  by  the  side  of  another  containing  recently 
fiised  and  still  hot  chloride  of  calcium  (muriate  of 
lime)  under  an  exhausted  receiver. 

B.  Introduce  it  into  a  perfectly  dry  small  retorti 
(previouly  weighed)  taking  care  that  none  of  it  adhere 
to  its  neck,  and  ascertain  the  weight  of  the  whole 
with  great  accuracy  ;  not  less  than  150  grains  of  the 
decide  should  be  employed,  and  it  k  better  to  use^ 
even  1000,  if  convenient. 

C  Adapt  a  tube  to  the  retort,  so  bent  as  to  pass 
under  and  rise  nearly  to  the  top  of  a  receiver,  inverted 
lii^er  and  full  of  water. 

D.  Bring  the  retort  gradually  to  a  cherry*red 
heat,  that  no  portion  of  the  oxide  may  be  carried 
over. 

£,  Co^eci  the  air  of  the  vessels  as  well  as  the* 
oxygen,  keep  up  the  lire,  till  the  decomposition  iS' 
complete,  and  leave  the  tube,  attached  to  the  retort,, 
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imm^yed: in  the'g^es  tiU^Ke^fbol^iLaiBratquired  the 
temperafaire  of  the  atmbephere.  (aX' 
»j  F»  Withdraw  ike  tube  cautiously  that  ao  air  majr 
enter  the  receiver,,  and  measure  the  quantity  of  gas  it 
contains,  which  will  exactly  represent  the  volume  of 
oxygen  of  the  oxide ;  then,  having  Wiped  the  retort 
quite  clean  and  dry,. take. put  the; cock  and  weigh  it. — 
Deducting  this  weight  from  that  of  the  retort  and 
oxide,  the  weight  of  the  tnetal,- provided  it  be  not 
volatile,  is  obtained,  and  the  volume  of  gas  will  give 
the  weight  of  the  loxygen.^—lf  the^aojalj^^.be  correct 
the^suni  of  these  weights  will  exactly  equ^  that^of 
the  oxide  operated  on.  ..  i        ,. 

§  98.  Though  the  me;tals  of  the  la$t  diivision  h^^l^ 
so. slight  an  affinity,  for  oxygen  that  they  part  wi.tii  it 
below  a  re^d.heat,  those  of  the  second  and  third  I^tc^ 
soigreat  an  attraction  for  that,  principle,  tl>at  th^y.do* 
CQmpose  .water,  setting,  free  the  hydrogen,  and  .this 
property  affords  a  very  simple  and  exact,  method  of 
knowing  the  quantity  of  oxygen  in  the  inetaJilic  o^ide 
wjbich  is  formed.  For  this  purpose  the  metal  must  be 
weighed  and  covipletely  oxidated,  and  the  whole  of 
the  |iydr9gen  disengaged,  collected;  from  the  volume 
of  which  is  deduced  that  of  the  oxygen^  and  from 
'  this  its  weight.  The  operation  rpay  be  performed  in  twa 
ways.—When  the  metal  .belongs  to  the  second  division, 
if  potassium,  for  instance,  press  eight  or  ten  grains  of  it 
into  a  small  tube  of  glass  (closed  at  one  end)  Bo  aii 
completely  to  fill  it,  and  weigh  the'"  tube  correotiy. 


I 
\ 


(a)  By  these  means  as  much  gas  returns  into  the  retort  after  tHi^ 
operation,  as  was  ej^peUed  from  it  at  the  begioniiu;. 
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h^th  empty,  and  after  it:  is  filled  $  theo^  ^losi^g  tte 
tube  with  a  p}aie  of  glass,  rbrtng  it  uiid^r  a  reeeff ^ 
full  of  water,  and  slip  the  glass  pkte  asfide  with  the 
finger^  when  the  metal  will  instantly  act  on  the  water 
and  .decp^ipose  it,  disengagiTig  hydrogeq/^s,  whidi^ 
will  be  tC9llei<^ted  in/^e  receiver,^  aiKl;  (he  p^ta86% 
jTofraed  mil  renmin  dissolved' in  the  Water* 
r.  If  the  metal  belong  to  the  third  division,,  water  alon0 
U  Aot  sirfficient;  its  action. must  be  assisted  eitber  by 
jBulpburio  or  hydrochloric  acid.    Pot  the  metal  into 
;a  soialj  matrass,  placed  on  a  furnace^  (qJ^  and  to  ilj 
neck  adapt  a  tube  of  safety  and  another  tube  'so  bent 
^s  to  pass  lander  a  receiver  full  of  water.   .1?he  appa* 
ratus  being  thus  arranged,  pouif  a  sufficient  quantitj 
of  acid.of  4he  proper  strength,  through  the  safety  tube 
into  tlie  matrass,  and  apply  heat  if  ne€es3ary,  adding 
fn^slji  .portions'  from  time  to  time  till  the -metal  is  com* 
pletely  dissolved,  (b)     Then  fill  the  matrass  a&  well 
as  the  tube  of  coi|imunication  with  water.     Thus  'alt 
the  air  of  the  vessel  and  the  hydrogen  gas  will  be  col- 
lected in  the  receive^,  and  it  only  remains  ,to  ascertain 
by  the  eudiometer  the  quantity  of  hydmgen,  (cj  and 
from  this  to  deduct  the  volume  and  weight  of  the 
0xygen  absorbed  by  the  metal. 


(a)  Five  hundred  ^ains  of  zinc,  iron,  pr  tin,  at  the  least  must  b« 

ptoyed ;  as  mginganese  is  difficult  to  obtain,  we  may  operate  on  one 
third  of  the  quantity  of  that  metal. 

(i)  For  zinc,  manganese,  and  iron  we  may  employ  sulphuric  actd 
diUted  with  six  times, its  weight  of  water ;  for  tin  we  must  u»e  cooceA* 
trated  hydrochloric  acid  and  apply  heat. 

(e)  This  is  done  by  passing  an  electric  spark  through  a  mixture  of 
100  parts  of  the  gas  and  60  of  oxygen,  in  the  eudiometer  over  mercury. 
Two-thirds  of  the  absorption  represent  the  quantity  of  hydrogen  in  100 
paru  of  the  gas.  (§  28.  B.)  ;  .^ 


I  i>9i    Several  fty^fdl^  absorb  oiygeA  below  a  red 
h^t  and  ticqutr^  k  ceiiaiti  degree  of  oxidation.      Po^ 
fadsium  and  sodimii  are  thus  reduced  to  tite  state  of 
perolide;  arsenic,  to  tliat  of  deutoxrd^^.    If  a  portion 
if  otiB  of  these  metal»  be  heated  by  ti  spirit  lamp  fii 
ifll'  e^toess  6f  o3<yg^  gas  in'  a  small  beiit  tube  ov^ir 
mercury,  the  volume  of  the  residual  ga^  being  de- 
dttctdd  from  the  original  volume,  that  of  the  oxjgen 
afbsorbed,  and  consequently  its  weight,  will  be  ascer- 
tained.    When  the  experiment  is  made  on  potassiurfi 
or  sodium^  the  metal  must  be  placed  in  a  small  capsute 
^t  platina  or  silver,  to  prevent  the  tube  being  broken 
b>f  the  intensity  of  the  heat,  but  arsenic  may  be  placed 
directly  on  the  glass.    By  thi«(  method  also  may  be 
detc^-mined  the  quantity  of  oxygen  gas,  which  the 
oteide  of  barium  requires  to  pass  to  the  state  of  deut-* 
•xide,  and  it  probably  would  be  Equally  calculated  tb 
determine  the  proportions  of  the  elements  of  oxide  of 
telluriura  on  account  of  its  volatility. 

V  100*  Nitric  acid  acts  on  most  metals,  converting 
some  of  them  into  oxides  which'  it  is  incapable  of 
dissolving,    others    into    oxides  which  it  dissolves, 
h\kt  is  separated  from  them  again  by  a  red  heat,  with- 
out the  oxides  themselves  being  volatilized,  or  suffer- 
ing any  <^hange  liable  to  render  the  experiment  in- 
mccurate.     To  the  first  class  belong  tin  and  anthnony ; 
in  the  second  are  zinc,  iron,  bismuth,  copper,  le^d, 
cadmium,  &c.     Hence,  by  means  of  this  acid,  may 
be  determined  how  inuch  oxygen  these  metals  require 
to  pass  to  a  certain  degree  of  oxidation ;  namely^  the 
six  first  to  that  of  peroxide,  and  lead  and  cadmium^ 
to  the  state  of  protoxides. 

Put  about  S50  grains  of  the  metail,  in  filings,  into  a 
weighed  platina  crucible^  and  pour  on  it  by  degrees 


I 

pure  nitric  acid,  of  i^ueh  ^rengtli,  ttiat  the  actroni  mif 
he  nftodorate.  When  all  the  metal  i«  dissolved,  oi^ 
^mpleatly  oxtdat^  (which  is  known  by  no  m6te  itrdt 
Itunes  being  produced  on  applying  heat),  evaporati^ 
the  liquid  to  dryness',  taking  care  that  none  of  the 
natter  be  projected  out  of  the  crucible,  which  miM 
then  be  covered  and  heated  red,  for  about  half  aii 
hour  (a) ;  then  suffer  the  crucible  to  cool  and  weigfe 
it.  Ffom  the  increase  of , weight,  the  quantity  of 
oxygen  fixed  by  the  metal  is  obtained. 

^  lOh  The  quantity  of  oxygen  in  a  metallic  oxido 
may  also  be  ascertained,  by  dissolving  a  given  quan* 
tity  of  the  metal  in  an  acid,  and  precipitating  the 
oxide  by  an  alkali,  or  alkaline  subcarbonate.  In  thi« 
case  the  metallic:  oxide  must  be  wholly  precipitablie  igr 
the  alkali,  insoluble  in  that  substance,  and  not  altered 
by.  the  action  of  heat  or  air« 

^  lOSi  But  the  most  general  process  is  founded  on  a 
law- observed  in  the  composition  of  salts;  namely^ 
that  the  quantities  of  bases  that  saturate  the  sadie 
weight  of  acids,  contain  the  same  weight  of  oxygen. 
Suppose  it  were  required  to  find  how  much  oxygen  is 
united  to  the  bariuth  in  a  hundred  parts  of  sulphate  of 
barya.  The  quantity  of  acid  in  that  salt  must  be^ 
first  ascertained,  and  experiment  shews  it  to  be  SI  per 
cent. 

Suppose  besides,  that  sulphate  of  lead  consists  of 
137  lead,  5S.5  sulphuric  acid,  and  10.5  oxygen* 

Since  Si  parts  of  sulphuric  acid  saturate  66  parts  of 
barya,  52.5  parts  would  saturate  101.9,  and  conse- 
quently by  the  law,  that  quantity  of  barya  contains 
the  same  weight  of  oxygen,  as  147.5  of  oxide  of  lead. 


-tPf 


(«)  AmioMQy  mutt  be  heated  *UU  the  oxide  u  ^uite  whitt« 


%., 
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iMrJO.5*  Tbwefore  JOKS:  10.5: :  66 :  -6.8s=tlie 
^aiilitjr  sought*  For  this  law  and  Ute  c^noa  fouiideti 
fnity.we  are  indebted  to  Berzelius ;  it  U  not  bowevex 
wholly  free  from  exceptions* 

In  enquiries:  of  so  delicate  a  nature  as  those  ou  tite 
compoi^ition  of  the  oxides,  we  should  always  endear 
your  to  confirm  the  result  of  our  experiment  by 
another  differently  conducted;  and  our  confidence  io 
them  will  be  strengthened,  in.  proportion  as  the  m»* 
thods  are  varied  by  which  we  obtain  them.  (Ap<* 
pendix.  Do 


DIVISION  THE  SIXtff. 

*  a 

To. ascertain  the  nature  of  a  Mineral  Acid, 

%  103.  The  distinguishing  properties  of  the  gaseoilt 
acids^  namely,  carbonic,  sulphurous^  cbloro-carbonic^ 
fluoboric,  Auosilicic,  hydro-chloric,  hydriodic,  hydro-i 
ftuJphiiricy  or  sulphuretted  hydrogen,  have  been  givea 
already,  (^  11  and  12.)  It  remains  to  detail  the  cba^^ 
racters  of  the  following: — -boiiacic,  phosphoric,  phos-* 
phorous,  hypophosphorous,  sulphuric,  nitric,  nitrous^ 
pernitrous,  arsenic,  arsenious,  antimoaic,antimoniousf 
chromic,  inolybdic,  tungstic,  columbic,  chloric,  iodicy 
chloriodic,  hydrofluoric,  and  selenic.  Of  these  some 
V  are  solid,  the  rest  liquid,  and  three  of  them  are  co- 
loured; viz.  tungstic  acid,  which  is  yellow,  Chromic 
purplis!>,  and  nitrous  acid  (wh^n  its  specific  gravity  |8 
bietween  1.114  and  1.24),  orange  yellow, 

^  104  Boracic  Acid  is  solid*  fusible,  and  yitrifiablc 
at  a  red  heat,  fixed,  almost  .tasteless,  and  faintly 
reddenj  litmus;  it  is  sparingly  soluble  in  water^  fall- 
ing down  in  the  form  of  lamellar  crystala  fi*om  i^ 
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«&tiiMted  hot  fiolution,  as  it  cools.  Lastly^  it  unitep 
4o  potaJBsa  and  soda,  and  produces  with  these  alkalies 
Tery  soluble  borates,  from  which  it  may  be  precipitated 
In  a  crjBtalltne  form  by  most  of  the  other  acids. 
Soracic  acid  tinges  the  flame jof  alcohol  of  a  beautiful 
green  colour. 

^  105.  Phosphoric  Acid  i^  solid,  fusible  and  vitri'^ 
fiable,  like  boracic  acid^  but  is  volatilized  at  a  high 
temjperature;  it  strongly  reddens  litmus,  is  very  caus- 
tic^ deliquescent  and  uncrystallizable ;  it  is  decom* 
pos^d  by  charcoal,  and  affords  phosphorus  at  a  heat 
very  little  exceeding  a  dull  red. 

§  106.  Phosphorous  Acid, — When  a  solution  of 
phosphorous  acid  is  much  reduced  by  evaporation,  it 
becomes  syrupy,  and  on  cooling,  assumes  a  solid  crys- 
talline form.  It  exhales  a  disagreeabi^i  fetid  odour, 
and  atrongly  reddens  infusion  of  litmus.  When 
heated,  it  yields  penetrating  white  vapours.  If  heated 
in  a  retort,  hydruret<>f  phosphorus  is  given  off,  which 
inflames  spontaneously  on  coming  in  contact  uith  the 
air ;  when  ignited  with  charcoal  it  is  decomposed,  and 
yields  phosphorus. 

\  107*  Ht/p6pbosphorous  Acid  does  not  exist  natu* 
rally,  but  is  formed  whenever  a  phosphuret  is  acted 
on  by  water ;  phosphoric  acid  and  hydrnret  of  phos« 
phorus  being  produced  at  the  same  time.  It  is  liquid^ 
has  a  «trong  acid  taste,  and  reddens  litmus  deeply. 
It  is  not  crystallizable ;  it  is  decomposed  by  heat  in 
close  vessels,  and  the  products  are  hydruret  of  phos- 
phorus, phosphorus,  and  phosphoric  acid.  It  is  so- 
lulile  in  water  in  all  proportions ;  it  takes  oxygen 
from  many  of  its  combinations. 

The  hypophosphites  are  remarkable  for  their  solu- 

^ity ;  there  is  not  one  which  is  insoluble*    The  h^ 
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jpophosphltes  of  potassa^  soda,  and  amnKmia  are  80lttM# 
in  alcohol.  The  first  of  these  is  «Ten  nvore  deliques*- 
cent  than  hydrochlorateof  lime. 

The  hjpophosphites  are  decomposed  by  heat^  an^ 
afibrd  the  same  results  as  are  obtained  by  the  decon»- 
position  of  the  acid. 

§  108.  Phosphaiic  Acid, — I  omit  the  deitcriptron  ot 
this  acid;  bec^iuse  it  seems  almost  certain,  that  it  is 
merely  a  mixture  of  the  phosphoric  and  phosphoronft 
acids,  since  it  is  always  converted  into  those  tiro 
8u1)stances  whenever  it  is  combined  with  salifiable 
bases. 

^  109.  Sulphuric  Acid,  in  a  state  of  absolute  purity, 
is  solid,  but  is  seldom  seen  in  that  form,  nor  does  it 
retain  it  at  a  temperature  exceeding  06*  of  Fah't. 
It  is  inodorous ;  from  a  very  dilute  solution  of  nitrate 
or  hydrochlorate  of  barya,  it  throws  down  a  white  pre- 
cipitate, insoluble  in  excess  of  acid ;  when  combined 
with  potassa  or  soda,  and  calcined  with  charcoal,  it 
yields  a  sulphuret,  which  produces,  when  moistened, 
the  taste  and  smell  of  rotten  eggs. 

§  110.  Nitric  Acid  is  easily  known  by  the  ted 
nitrous  vapours  which  are  evolved  by  its  action  on 
copper  filings.  Jf  the  acid  be  very  much  diluted,  it 
is  necessary  to  heat  it,  to  promote  the  efiedt. 

§  111.  Nitrous  Acid. — Its  characters  are  vety  > 
marked.  When  brought  in  contact  with  the  air,  ar 
other  gas,  it  gives  off  red  vapours.  Deutoxide  of 
azote  indeed  does  the  same  in  atmospheric  air  by 
seizing  its  oxygen ;  but  in  the  other  gases,  as  caifMnrie 
acid  for  instance,  it  remains  colourless.  By  ilself, 
the  deutoxide  of  azote^  is  not  acid^und  it  alwsys^eicisls 
as  agas   . 
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§  }  iS.  JPernkr^m  Acid  is  fpirined,  according  to  Gray 
Line^a^)  wbea  n  strong  solution  of  potassa  is  left  ^ 
iMg  time  in  contact  with  the  deutoxide  of  azote; 
crystals  of  pernitrite  of  potass^  are  produced.  This 
%<^iA  cannot  be  obtained  sepacftte ;  whenever  the  per«- 
pitrite  is  decomposed  by  a  stronger  acid  than  its  own.| 
|bf»  latter  is  changed  into  deUto:i:ide  of  a^ote  whicti 
iies  off,  and  common  nitrous  acid  which  remains  in 
lolutioB. 

.  I  113.  Arsenic  4^4  is  i^id,  reddens  litmus,  \^ 
caustic,  deliquescent  and  uncrystallizable,  like  the 
ph^o^phoric  It  is  decomposed  by  a  strong  heat  into 
pixygen  and  arsenious  acid,  aud  when  ignited  with 
pharcoal  in  ^  retort,  metallic  arsenic  sublimes  an4 
.^pndienses  ip  the  neck,  in  a  crystalline  form* 
,  ,  \  114.  Arsenious  Acid  is  a  white,  brittle,  compact 
substance,  of  a  glassy  appearance ;  it  has  a  sharp  acrid 
if^te,  which  at  last  leaves  an  impression  of  sweetness^ 
#Qd  is  a  virulent  poisjon.  It  reddens  vegetable  blue^^ 
aihI  dissolves  very  sparingly  in  cold  water,  but  oiQra 
jref^lily  in  hot.  Heated  on  charcoal  by  the  blowpipi^) 
(it  eipits  an  alHaqeous  smell.  When  mixed  with 
tyVMckliiQ^ji  Ai^  th^  ipi^ure  heated  in  a  glass  tube,  a 
JbeaijLtiful  phenome^o^n  n^ay  be  observed.  At  a  certain 
t;temperature  the  mixture  becomes  ignited,  the  com-* 
bustion  gradually  pervading  the  whole  ma3S.  At  the 
.sav^e  time  a  quantity  of  metallic  arsenic  sublimes* 
^  po,rtion  of  the  arsenious  acid  parts  with  its  oxygen 
to  another  portion,  which  thus  becomes  arsenic  acid, 
and  combining  with  the  calcareous  earth,  forms  arse- 
.Biate  of  lime«  The  experiment  was  made  by  Dr. 
WQllaston.  (Thomson's  Chemistry,  Vol.  IL  p.  11$. 
,  Sth  edition.) 

§  115.  Antimonic  Acid  is  a  solid,  of  a  straw  colour; 
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it  is  nearly  insoluble  in  water,  biit  reddens  regetable 
blues.  At  a  red  heat  it  gives  out  oxygen,  and  is  con^ 
verted  into  antimonious  acid.  It  unites  with  bases, 
and  forms  antimoniates. 

§  116.  Antimonious  Acid  is  solid,  of  a  fine  white 
colour> ;  it  is  insoluble  in  water,  and  has  no  action  on 
atmospheric  air,  or  oxygen  gas ;  it  is  volatiifzed,  but 
not  decomposed  by  a  strong  heat.  When  in  the  state 
of  hydrate  nt  reddens  tincture  of  litmus.  It  combiner 
with  bases,  and  forms  salts,  that  may  be  denominated 
aptimonites. 

^117.  Chromic  Acid. — Its  colour  is  purplish ;  when 
calcined,  it  passes  to  the  state  of  green  oxide.  It 
forms  neutral  soluble  chromates  with  potassa  and  soda, 
of  a  yellpw  colour,  which  precipitate  acid  nitrate  of 
mercury  fed,  nitrate  of  silver  crimson,  and  nitrate  of 
lead  bright  yellow. 

^  118.  ilfo/j^&(/tc  ^ctif  is  solid,  white,  almost  taste* 
less,  reddens  tincture  of  litmus  faintly,  fuses  when 
heated  in  close  vessels,  and  crystallizes  on  cooling; 
in  open  vessels  it  volatilizss  in  white  vapours ;  it  is 
sparingly  soluble  in  water,  and  is  thrown  down  from 
it  in  the  state  of  blue  oxide  by  a^ plate  of  zinc  or  tinf. 
With  potassa,  soda,  and  ammonia  it  forms  molyb* 
dates,  from  which  it  is  separated  as  a  white  powder  by 
most  of  the  acids.  ' 

§  119.  Tungstic  Acid  h  solid,  yellow,  insipid,  does 
not  redden  litmus,  is  infusible  and  insoluble  in  water. 
It  is  very  soluble  in  potassa,  soda,  and  ammonia,  and 
forms  with  these  alkalies  colourless  tungstates,  whidi 
•  are  decomposed  by  the  sulphuric,  nitric,  and  hydro-^ 
chloric  acids,  and  a  white  substance  is  thrown  down, 
which  becomes  yellow  hy  boiling  in  eith<ir  of  these 
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acids*    Tungstate  of  ammonia  is  decomposedi  and 
gives  the  vellow  tungstic  acid  by  beat  alone* 

^  190.  Columbic  Acid.    (See  Columbium,  ^  43.  C.) 

^121.  Chloric  ^cid  is  not  found  in  nature,  either 
free,  or  in  combination.  It  is  formed  whenever  a 
solution  of  an  alkali  or  alkaline  earth  is  placed  in 
contact  with  chlorine.  .  It  is  a  colourless,  inodorous 
liquid,  with  a  very  acid  taste.  It  first  reddens  litmus 
paper,  biit  after  a  few  days  entirely  destroys  its  colour, 
ft  has  no  action  on  sulphate  of  indigo,  nor  is  it  altered 
by  light ;  by  a  gentle  heat  it  may  be  concentrated, 
but  a  high  temperature  decomposes  it,  one  portion 
evaporates,  and  the  rest  is  converted  into  chlorine 
and  oxygen.  It  is  also  decomposed  by  sulphuretted 
hydrogen,,  and  by  the  hydrochloric  and  sulphurous 
acids,  but  not  by  the  nitric*  It  does  not  throw  down 
silver  or  any  other  metal  from  its  solution* 

The  chlorates  of  potassa,  soda,  &c.  when  thrown  on 
ignited  coals,  occasion  a  vivid  ignition ;  and  whisn 
heated  in  glass  retorts,  they  give  off  oxygen  gas,  and 
are  reduced  to  the  state  of  chlorides* 

S  192  Perchloric  Acid, — The  existence  of  this  acid, 
which  was  first  announced  by  Count  Stadion  of  Vi- 
enna, was  not  immediately  considered  as  established, ' 
but  the  accuracy  of  his  views  have  been  since  con- 
firmed by  Sir  Humphry  Davy.  It  is  obtained  by 
acting  on  chlorate  of  potassa  by  concentrated  sul- 
phuric acid,  in  the  proportion  of  two  of  the  acid  to 
one  of  the  salt ;  deutoxide  of  chlorine  is  disengaged, 
and  a  salt  is  left,  which,  when  washed  with  small  por-  ' 
tlons  of  cold  water  'till  it  passes  tasteless,  and  sepa- 
rated by  the  filter,  amounts  to  j\^  of  the  chlorate 
ejoiployed. 
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It  18  possessed  of  the  following  properties :— it  is 
perfectly  fieutral,  undergoes  no  change  by  exposure 
to  the  air,  is  readily  soluble  in  boiling  water,  but  not 
60  in  cold ;  its  taste  is  similar  to  that  of  hydrochlorate 
of  potassa;  it  crystallizes  in  the  form  of  elongated 
octohedrons.  It  detonates  feebly  when  triturated  in 
a  mortar  with  sulphur ;  at  the  temperature  of  about 
400*  Faht,  it  f\ises,  gives  off  oxygen,  and  i«  converted 
into  chloride  of  potassium.  The  products  per  cent* 
are, 

Potassium     .     .    .    ^^.49^ 
Chlorine      .    .     .    95.59  f^'^ 
Oxygen 45.92 


100.00 


28.49  of  potassium  require  5,819  of  oxygen  tb 
become  potassa,  Which  deducted  from  45.92  leaves 
40.1  that  were  combined  with  the  chlorine  to  form  th& 
]()erchloric  acid. 

The  new  salt  gradually  heated  with  an  equal  weight 
of  sulphuric  acid,  diluted  with  one  third  water,  at 
first  gives  off  only  water,  but  as  the  heat  increasi^a 
white  vapours  appear,  which  condense  rn  the  receiver 
into  an  acid  liquid,  consisting  of  the  perchloric 
acid,  with  a  mixture  of  sulphuric  and  hydrochloric 
acids ;  the  first  must  be  separated  by  barya  water,  the 
second  by  oxide  of  silver.  Perchloric  acid  may  also 
be  obtained,  by  submitting  an  aqueous  solution  of 
deutoxide  of  chlorine  to  voltaic  electricity.  Perchloric 
acid  csCnnot  exist  in  an  insulated  form';  water  or  a 
base  must  be  present :  it  is  colourless,  not  possess^ 
of  any  peculiar  odour,  reddens  infusion  of  IttmitSi  bttt 
does  not  destroy  vegetablo  colours^ 


' 
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It  ig  not  deeoinposed  by  light,  and  may  be  coaeeiH 
t  trated  by  a  gentle  beat.    It  rises  in  vapour  at  about 

f84°,  and  is  not  decpnipoaed  by  either  sulphurous  acid 
<w  sulphuretted  hydrogen,  which  distinguishes  it  from 
ehloric  acid.  It  dees  not  give  any  preelpitate  with 
Mftrdte  of  silver. 

The  salts  it  forms  with  the  alkalies  and  ether  bases 
are  not  decomposed  by  the  most  powerful  acids,  at  th^ 
temperature  of  boiling  water.— ^(Annales  de  Chimie^ 
torn.'  viii.  p.  411.) 

^  133.  Iodic  Acid  fuses  at  a  heat  rather  below  thai 
of  boiling  olive  oil,  and  is  decomposed  into  vapour  of 
iodine  and  pxygen ;  its  taste  is  very  sharp  and  a&* 
tringent.  When  dissolved  in  water,  sulphurous  aci4 
and  sulphuretted  hydrogen  instantly  separate  iodine^ 
as  does  hydriodic  acid,  whose  iodine  is  deposited  at 
the  same  time.  Sulphuric  and  nitric  acids  coeibine 
with  it,  without  effecting  any  .change.  It  forms  with 
aoltttion  of  silver  a  white  precipitate,  soluble  in  ^m« 
nonia.  It  unites  with  all  bases,  and  forms  salts  of 
little  solubility.  The  iodates  of  potassa  and  soda  fuse 
on  burning  coals,  in  the  manner  of  nitre.  ledate  of 
ammonia  fulminates  by  heat.-^(Gay  Lussac.) 

§  184.  CUoriodic  Add. — Thenard  calls  this  chloride 
of  iodine ;  the  English  chemists  more  properly  coa* 
$id^  it  as  an  acid,  containing,  like  diloric  and  iodic 
Acide,  two  supporters  of  combustion.  Chloriodic  acid 
formed  by  the  sublimation  of  iodine  in  chlorine  in 
great  excess,  is  of  a  bright  yellow  colour ;  when  fused 
it  becomes  of  a  deep  orange;  and  when  rendered 
elastic,  it  forms  a  deep  orange  coloured  gas.  When 
iieated  with  iodine  it  combines  with  a  further  portion 
of  that  substance.  It  is  deliquescent }  its  solution 
in  water,  when  dejurived  of  excess  of  chlorine  and 
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diluted,  is  colourless,  very  acid,  and  slowlj  discharges 
ifae  colour  of  sulphate  of  indigo;  it  is  capable  of  dis- 
solving lar^«  quantities  of  iodine,  when  it  becomes 
orange  jellow,  and  the  more  so  as  the  quantity  ot 
iodine  dissolved  is  greater.  When  ^  pure  colourless 
solution  of  chloriodic  acid  is  poured  into  a  solution  of 
kydrochlorate  of  barya,  j'odate  of  barya  precipitates, 
and  the  liquor  becomes  very  acid:  if  the  acid  b» 
coloured,  iodine  is  also  thrown  dov^n.  The  colourless 
acid  solution  precipitates  a  white  powder  from  a  strong 
solution  of  ammonia,  which  detonates  feebly  by  heat; 
if  highly  coloured  chW^uodic  acid  he  employed,  tha 

powder  that  falls  doWlls^  black,  and  detonates  with 

^'    «>       •  .  • 

n^uch  greater  force,  and  with  the  slightest  touch  of 

motion.    It  is  a  compound  of  iodine  and  azote. 

M.  Gay  Lussac  supposes  that  chloriodic  acid  is 
decomposed  when  it  is  dissolved  in  water;  in  that 
case  one  of  two  things  must  happen,  either  the  chloriuQ 
must  combine  with  the  oxygen  of  the  water,  and  form 
oxide  of  chlorine,  whilst  its  hydrogen  forms  with  the 
iodine  hydriodic  acid,  or  hydrochloric  and  iodic  acids 
must  be  produced.  The  former  is  improbable,  for 
'  oxide  of  chlorine  immediately  decomposes  hydriodic 
acid  and  precipitates  iodine,  which  is  afterwards  re- 
dissolved  by  the  chlorine  set  free. 

To  ascertain  if  the  latter  be  the  case,  Sir  Humphry 
Davy  distilled  the  solution  at  different  temperatures, 
and  collected  the  products,  but  always  obtained  the 
same  fluid,  whence  he  infers  as  most  probable,  ^'  that 
the  acid  property  of  the  chloriodic  compound  depends 
upon  the  combination^ of  the  two  bodies;  and  its 
^action  upon  solutions  of  the  alkalies  and  the  earths,  may 
*  be  easily  explained  when  it  is  considered  that  chlorine 
bas  n  greater  tendency  than  iodine  to  form  double 
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eompoQfldg  with  the  metals,  and  that  ioditie  has  a 
greater  tendency,  than  chlorine  to  form  triple  com- 
pounds with  oxygen  and  the  metals."  (Philosophical 
Transactions^  1814,  p.  501,) 

^  183.  Hydrofluoric  Add  is  the  only  acid  that 
attacks  glass,  which  it  corrodes  and  dissolves  the 
«ilex,  forming  with, it  a  peculiar  gas,  the  fluosilicic  ^ 

%  1S6. .  Selenic  Add  has  a  pure  acid  flavour,  and 
leaves  a  slight  sense. of  burning  on  the  tougue.-^It 
xeddens  vegetable  blues. — It  is  very  soluble  in  cold 
water,  and  in  hot  still  much  more  so. — ^A  saturated  hot 
solution  of  selenic  acid  in  water,  crystallizes  on  cool<* 
ing  rapidly,  in  small  grains,  and  if  slowly  cooled,  ia 
striated  prisms.  By  spontaneous  evaporation  the 
solution  gives  star-like  clusters  of  acicular  crystals, 
radiating  from  a  common  centre. — Selenit  acid  is  very 
soluble  in  alcohol;  the  concentrated  solution  yields 
an  ether  by  distillation,  and  dry  selenic  acid,  coloured 
red  by  a  portion  of  the  selenium  reduced  in  the 
operation^  remains  in- the  retort. — If  sulphuric  and 
selenic  acids,  and  alcohol  be  distilled  together,  a  large 
quantity  of  selenium  is  reduced,  and  a  volatile  sub* 
stance  obtained,  of  so  insupportable  an  odour,  that 
Berzelius  was  unable  to  examine  its  nature. 

If  a  polished  plate  of  iron  or  piece  of  zinc  be  im* 
mersed  in  a  mixed  solution  of  selenic  and  hydro* 
chloric  acids,  the  metal  immediately  assumes  a  copper 
colour,  and  the  selenium  is  gradually  precipitated  in 
red,  brown,  or  blackish  grey  flakes,  as  the  tempera* 
ture  is  more  or  less  increased.  If  selenic  acid  be 
mixed  with  sulphuric,  the  precipitation  is  less  rapid, 
and  the  selenium  contains  sulphur. 

The  best  mode  of  sejparating  selenium  from  its  so* 
ilitioQ^  i9  to  make  t)ie  liquid  slightly  acid^  pour  ia 
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sulphite  of  ammonia,  and  boil  the  mixture  for  abovtt 
half  an  hour,  addin|^  from  time  to  time  fresh  portions 
df  the  sulphite.  The  free  acid  disengages  the  sul- 
phurous acid,  which  then  decomjposes  the  selenic— <r 
The  liquid  first  acquires  a  jellowish  colour  atid 
becomes  turbid ;  its  colour  then  passes  to  a  fine  cinna- 
bar red,  and,  if  heat  be  not  applied,  after  some  hours 
acid  flakes  precipitate  in  large  quantity ;  but  the  pre* 
eipitation  is  not  complete  unless  the  solution  be^ 
boiled ;  in  that  case,  the  precipitate  is  blackish  grej, 
or  almost  black.  If  the  liquid  contain  nitric  acid  it 
is  better  to  add  hydrochloric  acid,  and  evaporate  till 
the  former  is  decomposed,  redissolve  in  water,  and 
then  add  the  sulphite  of  ammonia.  (Annales  do 
Chimie,  Vol.  ix.  pp.  179  &  829.) 

§  127.     On  the  Oxygenated  Acids  lately  discovered 

by  Mons*  Thenard* 

M.  Thenard  has  announced  in  the  eighth  rolume  of 
the  Annales  de  Chimie,  p.  S06,  the  discovery  of  some 
combinations  c^  the  nitric  and  other  acids  with  oxygen, 
forming  a  class  of  highly  oxygenated  acids,  whose 
existence  has  not  hitherto  been  suspected.  As  the 
tacts  are  altogether  new  and  extraordinary,  I  shall 
subjoin  the  principal  characters  of  these  substances, 
with  the  modes  by  which  he  obtained  them,  from  his 
communications  in  the  journal  above  referred  to  for 
July  and  September,  1818. 

When  barya  is  heated  nearly  red  for  a  considerable 
time  in  dry  oxygen  gas  over  mercuiy,  it  absorbs  an 
additional  quantity  of  the  gas,  and  passes  to  the  state 
of  peroxide.  It  is  by  means  of  this  snbstanee  that 
the  new  combinations  have  been  obtained,    vlf  tb» 
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{Mgtoxidie  thus  pfepured  be  moistened^  it  dakes^  fallt 
into  powder>  and  its  temperature  is  slightly  raised. 
Wheif  diffused  through  seven  or«ight  times  its  weigbC 
of  water,  weak  nitric  acid  dissolves  it  without  the 
disengagement  of  any  gas.  The  solution^  which  is 
perfectly  neutral)  being  freed  from  the  barya  by  sul« 
phurtc  acid)  oxygenated  nitric  acid  remains  combined 
with  the  water.  Thii?  acid  is  colourless,  reddens  lit- 
mus strongly,  and  resembles  nitric  acid  in  almost  ali 
Its  properties^  By  heat  it  gives  off  oxygen^  but  a 
not  completely  decomposed  unless  it  be  boiled  fi>r 
#ome  time.  Wheti  placed  in  a  vacuum  under  this 
receiver  ^  an  air  pump,  by  the  side  of  another  vessel 
containing  lime,  it  may  be  concentrated  and  an  acid 
obtained,  which  by  disttllation  affords  eleven  times 
its  volume  of  oxygen  gas.  The  oxygenated  acid 
combtnes  readily  with  barya,  potassa^  soda,  and  am- 
monia, forming  neutral  salts  decomposable  by  the 
slightest  heat ;  the  oxynitrate  of  barya  loses  part  of 
its  oxygen  at  the  moment  of  crystallization,  whence  it 
is  improbable  that  these  salts  can  be  obtained  in 
regular  forms. 

The  nitrates  which  result  from  the  decomposition  of 
the  ^xynitrates,  are  in  the  same  neutral  state  as 
the  salt  from  which,  they  are  derived.  Oxygenated 
nitric  acid  has  no  action  on  gold,  but  readily  dissolves 
those  metals  which  are  soluble  in  common  nitric  acid. 
Tfaesolution  is  generally  effected  without  any  libera^ 
tion  of  gas,  and  with  tiie  production  of  heat.  Some- 
times, however,  a  portion  of  oxygen  is  disengaged 
at  the  beginning  if  the  action  be  too  strong,  as  haf  • 
pens  when  zinc  is  dissolved  in  oxygenated  nitrie  acid 
containing  fifteen  times  its  volume  of  oxygen* 

To  ascertain  the  quantity  of  ovjigeti  9CMitaiiied  |i* 
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the  oxygenated  nitric  acid,  peroxide ,  of  baryum 
was  first  analysed  by  heating  a  certain  quantity  of 
barya  in  an  excess  of  oxygen,  in  *a  small  retort  over 
saercury  $  it  absorbed  an  addition^  quantity  of  oxy- 
gen, equally  to  that  it  originally  contained ;  hence, 
the  peroxide  contains  twice  as  much  oxygen  as  the 
oxide.  Iri  the  neutral  nitraites  the  quantity  of  oxygen 
in  the  acid  is  to  that  in  the  base  as  5 : 1,  consequently, 
in  the  neutral  oxygenated  nitrates,  the  proportion  is  at 
6 : 1,  and  in  oxygenated  nitric  acid  the  Volume  of 
azote  must  be  to  that  of  the  oxygen  as  1 : 3— ^See  the 
Analysis  of  Nitric  Acid,  %  135.)  The  phosphoric, 
arsenic,  and  probably  boracic  acids,  may  also  be  simi* 
larly  oxygenated. 

.  Acetic  acid  dissolves  the  peroxide  of  baryum,  almost 
as  readily  as  nitric  acid,  without  effervescence,  and 
the  acid  obtained  when  saturated  with  pOtassa  and 
heated  .gives  off  a  large  quantity  of  oxygen  and  a 
portion  of  carbonic  acid  ;  the  latter  arising  from  the 
deconipesiton  of  a  part  of  the  acid  by  the  action  of 
the  oxygen  on  the  application  of  heat. 

By  acting  on.  the  peroxide  of  baryum  by  liquid, 
hydrochloric  acid,  it  was  to  be  expected  that  water, 
chlorine,  and  hydrochlorate  of  barya  would  be  the 
result:  on  the  contrary  M.  Thenard  obtained  an 
oxygenated  hydrochloric  acid, — ^^  This  fact,"  he  says, 
^'  appeared  so  extraordinary,  that  I  multiplied  my 
experimentaln  order  to  verify  it  The  following  is 
one  of  the  most  decisive.  A  portion  of  barya  which 
had  absorbed  7.5  cubic  inches  of  oxygen  gas  to 
become  peroxide,  was  slaked  and  dissolved  in  diluted, 
hydrochloric  acid,  and  the  barya  precipitated  by  sul- 
pliuric  acid.  The  filtered  liquid  gave  no  precipiti^te 
either  with  nitrate  of  barya  or  sulphuric  acid*    It.  w^ 


S  1373  OF  THB    ▲NAl^TflU   0«   OXIDBi.  157 

ihen  saturated  with  potassa,  and  heated  gradually 
till  it  boiled.  Almost  the  exact  quantity^  of  oxygea 
absorbed  by  the  base  was  collected.  Oxysr^nated. 
hydrochloric  acid  is  a  colourles  and  almost  inoJoroug 
liquid ;  it  reddens  litmus  deeply ;  at  a  boiling  heat  it 
is  decomposed,  and  converted  into  oxygen  and 
hydrochloric  acid ;  when  saturated  with  potassa,  soda| 
or  ammonia,  it  decomposes  much  more  readily,  and! 
oxygen  only  is  disengaged.  It  dissolves  zinc  without 
effervescence;  has  no  immediate  action  on  gold  at 
common  temperatures,  but  its  action  on  oxide  of 
silver  is  very  curious;  chloride. of  silver  ^nd  water 
are  formed,  and  the  oxygen  flies  off  with  an  effer- 
Tescence  as  lively  as  if  the  acid  had  been  poured  on  a 
carbonate/' 

By  means  of  oxygenated  hydrochloric  acid  and 
oxide  of  silver,  M.  Thenard  succeeded  in  (combining 
:oxygeii  with  hydrofluoric  and  sulphuric  acids,  and 
indeed  all  the  acids  capable  of  being  oxygenated  ^naj 
be  obtained  in  that  state  by  the  same  means. 

Oxygenated  hydrofluoric  acid  retains  its  oxygen  at 
a  boiling  heat :  siilphuric  acid  parts  with  it  readily* 

Thenard  also  found  that  the  oxygenated,  nitric,  and 
hydrochloric  acids  may  be  combined  with  still  further 
doses  of  oxygen ;  it  is  only  necessary  to  treat  them 
with  peroxide  of  baryum  as  in  the  first  process :  thus'y 
J  to  hyperoxygenise  the  oxygenated  hydrochloric  aeid^ 
it  must  be  saturated  with  the  peroxide  of  barvum, 
the  barya  separated  by  sulphuric  acid,  and  the  liquid 
decanted,  which  will  be  found  to  contain  all  the 
oxygen  of  the  two  portions  of  the  pferoxide  of  baryuoi 
employed.    - 

.The  same  acid  may  even  be  oxygenated  again 
several  times  by  repetitions  of  the  same  prooesa^ 


When  an  excess  of  barya  wzter  is  added  to  oxy<« 
l^enated  or  hyperoxygenated  nitrie  or  bydrochloru} 
acid,  an  abundant  crystalline  precipitate  of  hydrate  of 
peroxide  pf  baryum  is  formed  in  small  plates  of  a 
pearly  lustre  sparingly  soluble  in  water,  which  at  5(f 
Faht.  decomposes  them  into  oxygen  gas  and  barya* 
Both  stroiitia  and  lime  are  capable,  of  becoming  per^ 
oxides,  like  barya,  by  the  action  of  the  byperoxygeii 
Bated  acid :  the  hydrate  of  peroxide  of  strontium  is 
very  like  that  of  baryum ;  that  of  lime  is  in  smaller 
plates.  Such  are  the  ^cts  contained  in  M.  Thenard^s 
first  communication  :  it  was  read  at  the  sitting  of  the 
Acad6mie  des  Sciences,  on  the  37th  of  July,  1818«-«* 
(See  Annales  de  Chimie,  vol.  yiii.  p.  906.) 

I  proceed  to  the  second  communication,  read  oa 
Ibe  14th  of  September  following,  to  the  same  learned 
Society. 

If.  Thenard's  first  object  was  to  determine  the 
maximum  of  oxygen  that  can  be  combined  with 
hydrochloric  aeid.  By  repeating  the  process  with 
^percbloride  of  baryum,  already  detailed,  fifteen 
4tmee,  he  obtained  an  acid,  containing  at  the  tempera#* 
*ture  of  iS6^  and  under  a  pressure  of  89.92  inches  of 
mercury,  7  volumes  of  oxygen  to  1  of  hydrochloric 
acid  gas. 

During  the  first  five  or  six  times  that  the  process 
Was  repeated  no  oxygen  gas  was.  disengaged,  but 
•beyond  that  it  became  difficnlt  to  prevent  the  escape 
of  a  small  portion  ;  the  greater  part  however  always 
remained  combined  with  the  acid.  The  hydrochloric 
acid  employed  was  in  such  a  state  of  conoentratioo, 
that  when  saturated  with  barya  and  slightly  evapo- 
rated, crystals  of  bydvpchlorate  of  barya  were  depo« 
sited  «flrom  the  solution. 
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This  oxygenated  acid  is  still  capable  of  combiimig; 
with  more  oxygen  by  the  action  of  sulphate  of  silver ; 
an  insoluble  chloride,  and  a  very  siduble  oxygenated 
aulphuric  acid  are  immediately  formed.  .  The  chlo* 
ride  being  se(iarated  by  the  itter,  hydrochloric  acid, 
in  less  quantity  than  was  contained  in  the  oxygenated 
hydrochloric  acid  employed,  was  added  to  the  oxy» 
genated  sulphuric  acid,  and  a  portion  of  barya  water 
topped  in  just  sufficient  to  precipitate  the  sulphucic 
acid.  The  liberated  oxygen  is  thus  transferred  to  the 
hydrochloric  acid,  which  passes  at  once  to  its  maximum 
of  oxygenation.  In  this  manner  Thenard  obtained  an 
acid,  containing  nearly  16  volumes  of  oxygen  to  1 
of  real  hydrochloric  acid. 

This  acid,  recently  prepared,  did  not  disengage  any 
gas  on  being  filtered;  but  soon  after,  small  bubbles 
rose  from  the  bottom  of  the  vessel  i^nd  burst  at  the 
iiurface  of  the  liquid.  Thinking  this  might  arise  from 
^e  action  of  light,  Thenard  filled  a  small  phial  nearly 
to  the  top  with  the  acid,  put  in  the  stopper,  and  left  it 
inverted,  in  the  dark.  After  some  hours  it  exploded;  * 
the  acid  contained  more  than  SO  volumes  of  oxygen; 
yet  the  same,  acid  under  an  exhausted  receiver  gave 
ofi^  only  a  very  small  portion  of  gas  that  had  beea 
mechanically  retained  by  it. 

The  whole  of  the  oxygen  is  not  expelled  from 
oxygenated  hydrochloric  acid  even  by  boiling,  for  on 
bringing  it  in  contact  with  oxide  of  silver  oxygen  gas 
is  immediately  set  free.  By  means  of  this  oxide,  it 
is  easy  to  determine  the  quantity  of  oxygen  contained 
in  the  oxygenated  hydrochloric  acid.  Pour  mercury 
into  a  graduated  glass  tube  to  within  a  few  divisions 
of  the  top,. and  fill  it  up  with  the  acid,  invert  the  tube 
over  mercury^  and  pass  up  an  excess  of  oxide  of  silver 
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^ttspetided  in  waiter.  Tbe  oxygen  is  immediately  dis- 
engaged, and  its  quantity  may  be  read  off  on  the 
dirisions  of  tbe  tube.  The  quantity  of  chlorine  and 
consequently  that  of  the  hydrochloric  acid  must  be 
ascertained  by  a  separate  experiment,  with  another 
portion  of  the  acid  and  nitrate  of  silver ;  100  parts 
of  chloride  of  silver,  indicate  24.5  of  chlorine,  or  25.S7 
of  hydrochloric  acid  (a).  The  disengagement  of  the 
oxygen  is  so  sudden  that  there  is  some  danger  in 
operating  on  a.  weak  acid,„  containing  from  S6  to  30 
Tolumes  of  oxygen. 

Hydrothloric  acid  at  its  maxim  dm  of  oxidation 
occasions  no  effervescence  when  poured  on  sulphate^ 
nitrate,  or  fluate  of  silver;  the  oxygen  is  transferred 
to  the  acid  of  the  salt,  and  chloride  of  silver  and 
water  are  formed. 

The  oxides  of  zinc,  copper,  and  nickel  may  be  hypers- 
oxidated  by  dissolving  them  in  hydrochloric  acid  three 
or  four  times  oxygenated,  and  decpmposing  the 
metallic  salts  by  potassa  or  soda  in  very  slight  excess; 
the  oxides  precipitate  in  the  state  of  oxygenated 
hydrates ;  that  of  zinc  is  yellowish,  copper  olive 
green,  and  nickel  light  dirty  apple  green.  They  are 
decomposed  by  a  heat  below  that  of  boiling  water* 

Another  paper  was  read  by  M.  Thenard  on  the 
5th  of  October,  1818. 


(a)  Having  observed  lately  that  a  portion  of  the  oxygen  of  the  oxide 
of  silver  is  disengaged  in  this  experiment,  account  must  be  takes  of  the 
quantity  liberated,  that  the  analysis  may  be  -correct  (note  by  M. 
Thenard).  This  is  done  by  a  separate  experiment,  in  which  the  chloride 
of  silver,  mixrd  with  the  excess  of  oxide  is  collected  and  treated  with 
ammonia ;  the  metal  of  the  reduced  oxide  will  be  left  undissolved,  from 
the  quantity  of  which  that  of  the  oxygen  sought  i$  obtMaed;  lO&partt 
of  oxide  of  tUver  contain  7  parts  of  oxygen. 
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The  subject  of  this  communication  is  principally  the 
singular  results  which  are  obtained  bj  the  action  of 
the  oxygenated  acids,  on  certain  metallic  oxides. 

Hydrate  of  deutoxide  of  mercury  is  dissolved  by 
oxygenated  nitric  and  hydrochloric  acids  withoijijt 
effervescence,  but  on  adding  an  excess  of  alkali,  .th^ 
oxide  is  quickly  reduced.  The  hydrate  is  also  reducc4 
by  the  n^utrd  oxygenated  nitrates  and  hydrochlorate^ 
of^pota^sa. 

Oxide  of  gold  precipitated  by  barya,  placed  whils|; 
wet  in  contact  with  oxygenated  hydrochloric  acid^ 
produced  a  brisk  effervescence,  became  purple,  and 
was  reduced.  Oxygenated  sulphuric,  nitric,  and 
phosphoric  acids  at  first  changed  oxide  of  gold  purple; 
it  then  became  deep  brown.  When  oxygenated  nitrit 
acid  is  poured  on  oxide  of  silver,  a  brisk  effervescency 
ensues  from  the  escape  of  oxygen  gas,  one  part  oj  th/e 
oxide  is  dissolved,  the  other  is  first  reduced,  and,  \f. 
the  acid  be  in  sufficient  quantity,  afterwards  dissolve^* 
If  potassa  be  added  to  the  solution  a  fresh  efferves- 
cence takes  place,  and  a  dark  violet  coloured  precipe* 
tate,  insoluble  in  ammonia  falls  down.  > 

If  very  fine  silver  filings  be  put  into  a,  solution  of 
oxygenated  nitrate  or  hydrochlorate  of  potassa,  all 
the  oxygen  of  the  salt  is  instantly  disengaged,  but  the. 
silver  is  not  acted  on,  and  the  salt  remains  neutral  ejb 
before. 

Iron,  copper,  2inc,  bisniuth,  lead  and  platina  pro- 
duce the  same  effect.  The  zinc  and  iron  becom^ 
oxidated  in  the  process.  Gold  and  tin  produce  no 
effect.  .        » 

Oxygenated  nitric  acid  readily  dissolves  the  per^ 
oxides  of  manganese  and  lead ;  the  solution  is  attended 

with  the  evolution  of  much  oxygen  gas.     Potasia 
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precipitates  the  manganese  in  black  flakes,  and  the 
lead  of  a  brick  red  colour. 

M.  Thenard  thinks  these  phenometia  may  probably 
be  ascribed  to  electrical  energies;  be  their  cause 
what  it  may,  they  are  curious,  and  if  future  ^pe-i 
riments  shall  confirm  his  stat^ments^  will  introduce  a 
new  set  of  bodies  Which  cannot  fail  to  attract  the 
fittention  of  chemists,  and  may  perhaps  lead  to  new 
views  of  a  very  important  class  of  substances.  I  trust 
I  shall  therefore  be  pardoned  for  having  gone  some-s 
what  out  of  my  way  in  laying  the  subject  so  fully 
before  the  reader,  especially  as  it  is  not  yet  noticed  in 
any  of  our  systems  of  chemistry.  I  shall  not  stop  to 
enquire  whether  these  substances  are  really  new 
chemical  compounds,  or  only  acid  solutions  holding 
oxygen  in  mechanical  combination,  as  air  is  held  in 
water.  The  fact  stated  at  page  159,  that  the  hyper-t 
oxygenated  hydrochloric  acid,  containing  more  than 
thirty  times  its  volume  of  oxygen,  did  not  part  with 
it,  on  the  removal  of  atmospheric  prej^sure,  is  adverse 
to  the  latter  supposition. 

The  whole  of  the  preceding  account  is  taken  from 
the  papers  by  M,  Thenard,  in  the  Annales  de  Chimieji 
already  mentioned. 

The  following  observations  on  the  influence  of 
water  in  the  formation  of  the  oxygenated  acids,  have 
appeared  since  the  preceding  section  was  written^ 
They  are  too  intimately  connected  with  the  subject, 
not  to  be  briefly  noticed  in  this  place. 

The  e:^periments  detailed  above,  haye*  shewn  that 
oxide  of  silver  decomposes  oxygenated  hydrochloric 
acid,  'and  immediately  expels  all  the  oxygen;  but  if  a 
salt  of  silver,  as  the  sulphate  or  nitrate,  &c.  be  em-s 
f}ojed^  the  oxygen  remains  jn  tb^  liquid,    The  mten 
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rence  from  this  seems  to  be  that  bjr  the  intervention  of 
water,  oxygen  can  unite  to  acids,  but  that  it  cannot 
unite  to  water  alone;  for  if  it  could,  why  is  it  expelled 
.in  the  first  experiment?  But,  sinoe,  silver  and  other 
substances  produce  chemical  changes  on  oxygenated 
hydrochlorate,  &c.  of  potassa,  by  purely  physical 
.action,  the  deduction  is  incorrect,  and  it  remains  to  be 
proved,  if  water  alone  be  not  capable  of  oxygenation. 

Barya  water  was  dropped  by  degrees  into  a  solu- 
.tion  of  oxygenated  sulphuric  acid,  and  the  liquid 
.shaken  after  each  addition.  No  effervescence  took 
place,  till  the  acid  was  nearly  saturated,  when  it 
became  pretty  brisk  and  sulphate  of  barya  precipi' 
tated  in  flakes.  The  neutralization  was  then  com- 
pleted as  speedily  as  possible,  and  the  liquid  filtered; 
it  gave  no  precipitate  with  nitrate  of  barya,  or  8ul« 
phuric  acid,  but  it  nevertheless  contained  much  oxy* 
genr  it  left  scarcely  any  residuum  when  evaporated 
to  dryness.  Hence  it  appears  that  water  may  be 
oxygenated,  and  Thenard  adds,  he  flnds  that  it  is 
•apable  of  taking  up  more  than  six  times  its  volume. 

Oxygenated  water  does  not  give  up  its  oxygen  by 
.being  placed  in  a  vacuum ;  it  becomes  concentrated, 
and  at  last  evaporates.  It  freezes  also  without  under-, 
going  any  change,  but  boiling  deprives  it  of  all  its 
oxygen.  It  immediately  reduces  oxide  of  silver,  and 
is  at  the  same  time  deoxygenated  with  great  effer- 
vescence. Silver  and  the  puce  coloured  oxide  of  lead 
^also  deprive  it  of  its  oxygen.  Water  of  barya, 
strontia,  and  lime,  form  a  multitude  of  small  spangle- 
form  crystals,  similar  to  those  whidi  are  produced  by 
mixing  aii  oxygenated  acid  with  the  same  alkaline 
solutions* 

Pure  oxygenated  water  gives  up  its  oxygen  much , 

l2 


164  OF   THE   ANALYSIS   OF   OXIDES.  .  [^  ISS 

I 

more  readily,  than  when  combined  with  an  acid^ 
Heat  a  portion  of  it  til?  it  gives  otT  oxygen  abundantly^ 
then  drop  in  a  little  hot  sulphuric,  or  nitric,  acid'; 
the  effervescence  will  cease  immediately.  The  dxyge-i 
nated  acids  may  even  be  heated  for  more  than  ah 
hour,  without  parting  with  nearly  all  their  oxygen, 
except  the  fluoric,  which,  if  the  experiment  be  made 
in  a  glass,  vessel,  gives  it  off  rather  sooner  than  the 
other»,  in  consequence  of  its  action  on  the  glass* 
Sugar  and  many  other  vegetable  and  animal  sub- 
stances, and  probably  almost  all  bodies,  either  pro-t 
mote  or  weaken  the  union  of  oxygen  with  water.  AH 
the  acids  tend  to  produce  the  first  effect;  the  metals^ 
their  sulphurets,  and  oxides,  carbon,  Sec.  the  second*; 
♦^  which,"  M.  Thenard  adds  *^  tends  to  shew  us  more 
and  more  that  these  are  electrical  phenomena."  (An^ 
de  Chimie.  vol.  IX.  p.  314.) 


Analysis  of  Mineral  Acids. 

§  128.  No  general  rule  can  be  given  for  the  analysi|( 
of  these  substances;  it  will  be  necessary  to  consider 
each  separately.  They  are  the  boracic,  carbonic, 
chlorocarbonic,  phosphoric,  phosphorous,^  hypophos- 
phorous,  nitric,  nitrous,  pernitrous  (the  existence  of 
the  last  is  problematical)  sulphuric,  sulphurous,  chlo- 
ric, perchloric,  iodic,  chloriodic,  selenic,  hydrofluoric, 
hydrosulphuric,  (sulphuretted  hydrogen)  hydriodic, 
hydrochloric,  fluosilicic,  fluoboric,  arsenic,  chromic, 
liiolybdic,  columbic,  and  tungstic. 

The  five  last  are  metallic  oxides,  and  to  them 
M»  Thenard  doubts  whether  we  ought  not  to  add  the 
4€\;(toxide  of  arsenic^  the  deutoxide  and  tritoxrd^  q^ 
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antimony,  and  the  otide  of  tellurium,  as,  with  the 
^xc^ption  of  the  last,  Dr.  Thomson  has  done ;  and 
that  he  s^ys  ^'  might  be  called  telluric  acid,  but  as  it 
likewise  possesses  alkaline  properties,  it  will  be  better 
to  retain  thd  common. name  oxide  of  tellurium.'*  Of 
the  propriety  of  considering  the  deutoxide  of  arsenic,* 
and  the  deutoxide  and  tritoxide  of  antimony  as  acids 
there  can  be  no  doubt,  since  they  possess  not  only 
the  property  of  forming  neutral  salts  with  various 
basses,  but  also  that  of  reddening  vegetable  blues, 
which  the  others  are  deficient  in«  Whether  it  be 
equally  correct  to  Consider  the  neutralizing  poWer 
alone  a  just  title  to  the  rank  of  an  acid,  is  matter  of 
dispute.  Dr.  Thomson  follows  Smithson  in. the  affirm 
mative,  who  suggested  that  silica^  which  exists  in 
various  neutral  stony  bodies  in  combination  with 
earths  and  metallic  oxides^  '^  performs  in  them  the 
functions  of  an  acid,"  and  adds  ^^  that  this  has  been 
demonstrated  in  a  45atisfactory  mannet  by  Berzeliiis.'' 
Be  that  ad  it  may,  I  have  taken  the  liberty  of  deviating 
both  from  my  author  and  Dr.  Thomson,  by  adding  to 
the  list  of  mineral  acids,  the  ^rsenidus,  antimonious^ 
and  antimonic  only,  which  thus  makes  the  whole 
number  of  those  bodies  thirty.  I  have  already  given 
my  reasons  for  excluding  the  hypothetical  phosphatic 
acid  of  M.  Dulong. 

.  §  129.  Boracic  -rfctd.— No  very  satisfactory  results 
have  hitherto  been  obtained,  in  the  attempts  to  analyse 
this  substance :  its  ))ase,  when  heated  to  nearly  600^  in 
oxygen  gas,  takes  fire  and  burns  with  great  brilliancy^ 
absorbs  oxygen  and  becomes  partly  converted  into 
boracic  acid,,  which  fuses^  forms  a  coat  over  the 
remaining  boron  and  puts  an  end  to  the  combustion^ 
When  this  is  washed  off;  and  the  boron  again  heated 
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more  sfronglj  than  before,  it  bams  afresli,  and  hf 
repeating  these  operaticms,  the  whole  maj  be  converted 
into  boracic  acid.  In  this  way  Dayj  fbnnd  boracic 
acid  to  consist  of  about  one  part'  ,of  boron  and  one 
and  three  quarters  of  oxygen.  Gay  Lussac  aad 
Thenard  acidified  a  portion  by  heating  it  in  nitricf 
acid)  and  they  conclude  from  the  experiment  that 
boron  unites  writh  half  its  weight  of  oxygen  to  become 
boracic  acid. 

Davy  attempted  to  decompose  boracic  acid  by 
potassium.  The  result  gave  the  composition  of  boracie 
acid,  as  boron  1,  oxygen  S.53.  Berzelius  ascertained 
that  100  parts  of  borate  of  ammonia,  contain  44.41  of 
ammonia.  The  equivalent  for  ammonia,  hydrogen 
being  considered  as  unity,  i&  16,  and  since  one  atom 
of  ammonia  unites  with  one  atom  of  acid  to  form  a 
neutral  compound,  the  weight  of  an  atom  of  boracic 
acid  must  be  about  SO.  On  the  idea  that  boracic  acid 
is  composed  of  2  atoms  of  oxygen  and  1  of  boron,  the 
weight  of  an  atom  of  the  latter  qaust  be  5,  for  that  of 
oxygen  is  7.5. 

h  ISO.  Carbonic  Acid. — This  gaseous  acid  is  partly 

decomposed,  by  passing  electric  sparks  through  it  for 

a  considerable  length  of  time ;  the  gas  increases  in 

'  bulk,  the  wires  become  oxidated,  and  carbonic  oxide 

ie  evolved. 

Hydrogen  and  carbbn  decompose  carbonic  acid ;  the 
products  in  the  first  case  are  water  and  carbonic  oxide, 
in  the  second,  carbonic  oxide  only.  The  first  experi- 
»ent  is  performed  by  slowly  passing  a  mixture  of  equal 
parts  by  bulk  of  carbonic  acid  and  hydrogen  gases, 
through  a  porcelain  tube  heated  to  redness.  The 
gases  may  be  contained  in  a  bladder  connected  with 
the  porcelain  tube,  traversing  a  small  furnace,  to  the 
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opposite  end  of  whieh  a  bent  glass  tube  is  fitted  which 
passes  into  a  receiver  full  of  and  inverted  over  mercury* 
Water  will  soon  be  seen  trickling  down  the  sides  of  the 
receiver,  and  carbonic  oxide  will  pass  into  it. 

To  effect  the  decomposition  of  carbonic  acid  by 
eharcoal,  fiU  the  middle  of  the  porcelain  tube,  of  the 
last  experiment,  with  fragments  of  fresh  well  burnt 
and^uite  dry  charcoal,  and  connec^t  it  with  two  blad- 
ders, or  mercurial  gasometers,  one  empty,  the  other 
filled  with  the  gaseous  acid ;  heat  the  tube  to  whiter 
ness,  and  pass  the  gas  backwards  and  forwards,  five 
or  six  times  over  the  charcoal,  from  one  vessel  to  the 
other:  the  volume  of  gas  will  be  doubled,  and  it. 
will  be  wholly  converted  into  carbonic  oxide. 

Tennant  (a)  and  Pearson  have  shewn  that  •carbonii^ 
acid  when  united  to  a  base,  as  in  marble,  is  decom- 
posed at  a  high  temperature  by  phosphorus. 

Potassium  and  sodium  also  decompose  carbonic  acid> 
but  there  must  be  an  excess  of  metal,  that  the  decom* 
position  may  be  complete ;  otherwise,  a  part  of  the 
e^cidwill  be  absorbed.  The  experiment  is  made  by 
filling  a  small  bent  glass  tube  with  mercury,  passing; 
up  first  a  portion  of  carbonic  acid  gas  into  it,  and 
then  the  pbtassiumi  and  heating  the  whole  stroiigly 
with  a  spirit  lamp.    The  metal  gradually  loses  its 

(a)  This  gentleman  was  one  of  the  first  to  prove  the  identity  of 
diamond  and  charcoal,  by  converting  the  former  whoUy  into  carbomc 
acid^  by  combustion  with  nitre.  He  aiixed  2.5  grains  of  diamond  with 
120  of  nitre  and  kept  the  mixture  at  a  red  heat  for  half  an  hour.  Th* 
diamond  was  consumed  l^y  the  oxygen  evolved  by  the  nitre. 

Mr.  Tennant  lost  his  life  in  the  year  1814,  by  a  deplorable  accident 
lA  endeavouring  to  pass  an  ill*secured  drawbridge,  leading  to  a  fprt  on 
a  hill  near  Boulogne,  soon  after  he  had  been  elected  professor  of 
chemistry  in  the  University  of  Cambridge :  in  him,  science  will  long 
tnoum  the  loss  of  o&e  of  her  ablest  votaries,  society  an  onuuaeat, 
humanity  a  friend. 
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brilliancy,  when  it  is  to  bestirred  with  an  iron  wiref 
it  then  becomes  pasty,  and  in  a  short  time  the  gas  is 
decomposed.  The  carbon  is  easily  separated  at  the 
end  of  the  process,  being  the  only  product  insoluble' 
in  water. 

Iron  and  zinc,  and  probably  other  metals  of  the 
third  division,  also  decompose  carbonic  acid,  at  high 
temperatures;  the  metal  is  oxidated  and  carbonic 
oxide  evolved. 

The  proportions  of  the  elements  of  carbonic  acid 
sire  shewn  by  burning  charcoal  in  excess,  in  perfectly 
pure  and  dry  oxygen  gas  over  mercury;  the  whole  of 
the  gas  will  be  converted  into  carbonic  acid,  and  itar 
volume  remain  unaltered.  The  specific  gravity  of 
(Carbonic  acid  is  l.b23y  and  that  of  oxygen  1.106, 
consfequently  carbonic  acid  is  composed  of  27.38  of 
carbon  and  T2.62  of  oxygen,  or  of  one  volume  of. 
vapour  of  carbon  and  one  volume  of  oxygen  condensed 
into  one. 

*  §  131.  Chlordcarhonic'Acid  Gas.^-Me^X  a  portion^ 
c  f  tin  or  zinc  in  the  gas,  in  a  sniaH  retort  over  mercury^ 
by  a  spirit  lamp ;  a  metallic  chloride  will  be  formed, 
dnd  a  vorume  of  carbonic  olide,  equal  to  that  of  the? 
chlorocarbonic  acid  gas  employed,  evolved.  A  com- 
parison of  the  specific  gravities  will  shew  the  propor-' 
tions  in  whic^.i  the  elements  of  this  gas  are  combined. 

Specific  gravity  of  chlorine      .     .     2.4713 
' Oxide  of  carbon  0.97S7 


Chlorocarbonic  acid       «...    3.4430 

s 

Hence  it  is  evideirt  that  ehloroearbonic  arid  gasy 
consists  of  one  volume  of  cfhlorine  and  one  of  carbonic' 
oxide,  condensed  into  one  volume,  i>t  of  one.  volume 
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of  chlorine,  one  of  vkpour  of  carbon,  and  half  a  volume 
of  oxygen. 

§  132.  Phosphoric  Acid. — Chemists  have  been  ex- 
tremely divided  on  the  coniposition  of  this  acid;  manjr' 
eminent  men  have  devoted  their  attention  to  the  sub- 
ject, and  scarcely  any  two  have  obtained  correspond- 
ing results. 

In  most  chiemical  works  it  is  stated  that  the  compo- 
sition of  this  9cid  is  easily  found  by  burnings  phos-' 
phorus  in  oxygen  gas:  but  the  object  is  not  accom- 
plished with  the  facility  that  might  be  expected,  for 
in  the  common  method  the  phosphorus  is  extinguished 
by  the  phosphoric  acid  formed,  and  the  process  con- 
sequently terminated,  before  the  whole  of  the  phos- 
phorus is  consumed;  which  renders  it  difficult  to 
determine  precisely  the  .quantity  burnt.  Thomson 
and  Berzelids  adopted  another  method,  and  ascertained 
the  composition  of  phosphoric  acid,  from  that  of  the 
neutral  phosphates,  the  proportion  of  oxygen  in  tho 
bases,  of  which,  being  known,  that  in  the  acid  was 
inferred  according  to  the  law  mentioned  in  a  preceding 
section  (§  102)  (a). 


(a)  In  the  coursjs  of  his  experiments,  Berzelius  found  great  discre* 
pancies  in  the  results  of  his  analyses  of  phosphate  of  lead ;  wishing  to 
obtain  an  acid  phosphate  of  lead,  he  poured  phosphoric  add  into  a 
solution  of  nitrate  of  lead.  At  first  uo  precipitate  ensued ;  but  after 
some  hours  the  glass  was  covered  with  very  smali  transparent  crystaisi 
ihsoluble  in  water;  thesfe,  being  heated  in  a  retort,  decrepitated  and 
gave  off  wiMer,  and  by  a  stronger  heat,  a  quantity  of  red  fumes  of 
nitrous  vapour  was  disengaged;  JO  parts  of  the  ^Its  well  dried  gava 
8.827  of  phosphate  of  lead.  It  was  composed  therefore  of  phosphate 
and  nitrate  of  lead  and  the  proportions  varied,  according  as  the  nitrate 
of  lead' had  been  employed  in  greater  or  less  excess* 

Tliis  tendency  of  phosphoric  acid  to  form  double  salts  with  nitric 
add  I  is  not  confined  to  its  combination  with  oxide  of  Veadi  Bersdiui 
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Sir  Humphry  Davy  has  more  lately  pointed  out  a 
method  of  effSecting  the  combustion  of  phosphorus  ia 
oxygen,  not  liable  to  the  objection  stated  above.  It 
consists  in  inclosing^  the  phosphorus  in  It  small  curved 
tube,  whof e  neck  is  drawn  out  so  as  to  leave  an  aper« 
ture  of  about  one-tenth  of  an  inch«  This  is  previously 
accurately  weighed  and  placed  in  a  retort,  which  is 
then  exhausted,  and  connected  with  a  graduated  jar 
of  oxygen  gas  over  mercury,  so  that  a  constant  supply 
can  be  kept  up  in  proportion  as  the  gas  is  consumed^ 
and  the  quantity  absorbed  easily  ascertained.  The 
heat  of  a  spirit  lamp,  applied  to  the  bottom  of  the 
retort,  volatilizes  the  phosphorus,  which  burns  in  the 
state  of  vapour  as  it  issues  from*  the  aperture  of  the 
curved  tube  (see  the  figure.).  In  this  way,  Davy 
found,  taking  the  mean  of  three  experiments,  that 
7.8  grains  of  phosphorus,  absorb  30.91  cubic  inches 
of  oxygen,  which  supposing  100  cubic  inches  to  weigh 
S3.9  grains  (barometer  S9.8,  thermometer  between 
46°  and  49°  Fahrenheit)  gives  the  composition  of  pho»« 
phoricacid, 

Phosphorus    .     .    ..     100 
Oxygen    .  ,  .    .     .     134.5 

(Phil.  Trans.  1818.) 

%  133.  Phosphorous  Add. — If  chloride  of  pho8« 
phorus,  obtained  by  passing  the  vapour  of  phosphorus 
over  corrosive  sublimate  heated  in  a  ^lass  or  porcelain 
tube,  be  acted  oh  by  water,  both  fluids  are  decomposed, 
the  chlorine  of  the  chloride  unites  with  the  hyorogea 


found  that  it  is  the  same  with  barya.  It  it  important  to  those  who 
engage  in  the  analysis  of  substances  containing  phosphoric  add,  to 
Inep  these  facts  in  their  recollection.    (Ann.  de  Chimie^  vol.  II.  p.  16S.] 
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of  the  water,  to  form  hydrocUoric  acid,  and  itfi  oxjrgen 
tombining  with  the'  phosphorus  forms  phosphorous 
acid. — As  these  combinations  are  definite,  if  we  ascer« 
tain  thei  quantity  of  any  One  of  the  elements,  that  of 
the  rest  is  easily  found  by  calculation.  All  that'i» 
niseessary  therefore  for  the  analysis  of  phosphorous 
acid,  is  to  separate  the  chlorine  of  the  hydrochloric 
acid  by  means  of  nitrate  of  silver,  from  the  quantity* 
of  which  we  arrive  at  that  of  the  oxygen  in  the  phos* 
phorous  acid ;  but  since  phosphorous  acid,  especially^ 
if  concentrated,  precipitates  nitrate  of  silver,  it  is 
neceswrjr  to  guard  against  error  fron.  this  cause,  whicb 
is  easily  done  by  washing  the  chloride  of  sillier  with 
diluted  nitric  acid,  which  will  dissolve  the  phosphite 
of  silver,  but  not  touch  the  chloride. 

Sir  Humphry  Davy  made  the  following  experiment, 
—32.7  grains  of  the  fluid  chloride  of  phosphorus  were 
acted  on  by  water  and  precipitated  by  nitrate  of  silver. 
The  chloride  of  silver,  when  dried  arid  fused,  weighed 
98.4  grains,  which,  allowing  S4.5  per  cent,  of  chlorine 
ki  born  silver,  gives  the  composition  of  the  chloride  of 
phosphorus,  . 

Chlorine    ...    34.108 
Phosphorus    .     •      13.599 


•m 


32.7 

S3.5  of  chlorine  require  one  of  hydrogen  to  form 
hydrochloric  acid,  and  1  of  hydrogen  requires  7.5  of 
oxygen  to  form  water.  Therefore  the  S4.108  have 
taken  0.719  of  hydrogen,  and  set  free  5.41S5  of  oxygen, 
which  have  combined  with  the  8.59S  of  phosphorus* 
According  to  this  experiment,  phosphorous  acid  is 
composed  of 

Phosphorus    .'    .    .     100 

Oxygen     ....      63 
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%  134.  Hypophospkorous  Acid' — Neutral  hypophos-* 
phjte  of  barya^  when  heated  out  of  contact  with  the 
air,  is  converted  into  gaseous  hydruret  of  phosphorus^ 
and  acid  phosphate  of  barya.  These  results  are  thei 
consequence  of  the  decomposition  of  the  water  con<4 
tained  in  the  salt;  and,  as  in  the  last  case,  the  new 
cempou^nds  being  definite,  if  the  proportions  of  t(ieir 
elements  be  known,  we  may  easily  deduce  those  of 
the  hypophosphorousacid.  For  if  the  portion  of  phos<^ 
phorad  contained  in  the  hydruret  be  added  to  the 
phosphoric  acid,  and  the  portion  of  oxygen  which  was 
derived  from  the  water,  be  subtracted  from  it,  the 
remainder  must  be, the  hypophosphorous  acid.,  The 
composition  of  phosphoric  acid  is  known  already,  we 
bave  therefore  to  find  that  of  the  acid  phosphate  of 
blirya,  and  the  hydruret  of  phosphorus. 

Sir  Humphry  Davy  found  29  grains  of  hypdphos-^ 
pbite  of  barya  lost  3.5  grains  on  being  heated,  which 
"^ere  gaseous  hydruret  of  phosphorus,  and  consisted 
of  hydrogen  0.535,  phosphorus  S.975.  The  remslin-« 
ing  acid  phosphate  contained  barya  14.47,  phosphoiic 
acid  11.03,  and.  since  phosphoric  acid  contains  one 
atom  of  phosphorus  ljl.25,  and  2  of  oxygen  15,  the 
11.03  are  formed  of  *  phosphorus  4.72+  oxygen  6.3L 
Therefore,  tofindthe  composition  of  hypophosphorous 
acid,4.72-f-2.975=r:7.695,  thequantity  of  phosphorus^ 
and  6.3i— 3i93  (the  quantity  of  oxygen  required  by 
0.535  of  hydrogen  to  form  water)  =  2.38,  which 
denotes  the  oxygen*  Hypophosphorous  acid  therefore 
consists  of 

Phosphorus    .     .     .     100 
Oxygen  ....•      30.93 


m^ 


IS0.93 
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§  135.  Nitric  Acid, — Azote,  chlorine,  and  iodine 
have  no  action  on  nitric  acid,  but  it  is  decomposed  by 
all  the  simple  combustibles,  except  diamond,  gold) 
platina,  rhodium  and  columbium.  The  proportions 
of  its  elements,  however,  cannot  be  ascertained  hy  this 
method,  but  may  be  learnt  by  passing  up  successively 
ISSmea^urps  gf  deutoxide  of  ^zQte  and  150  of  oxygen 
into  a  tube  between  three  and  four  tenths  of  an  inch  in 
diameter,  full  ojf  water*  Th^  tube  is  to  bp  left  at  rest 
$ome  minutes^  when  about  233  parts  will  be  absorbed, 
and  a  solution  of  pure  nitric  acid,  with  a  residuum  of 
60  measures  of  oxygen  obtained.  If  the  deutoxtde  of 
azote  be  in  larger  proportion  to  the  oxygen,  the  acid 
will  not  be  pure,  but  more  or  less  nitrous  acid  will  be 
formed,  and  may  be. detected  by  its  discolooring  the 
red  sulphate  of  manganese,  as  JVl..  Gay  Lussac  has 
pbserved.  Deutoxide  of  azote  is  composed  of  equal 
volumes  of  oxj'gen  gas  and  azote;  whence  it  follows 
that  nitric  acid  contains  one  volume  pf  azote,  and  two 
volumes  and  a  half  of  oxygen,  or  by  weight  35.18 
azote,  and  100  oxygen. 

§  136.  Nitrous  Acid,r-*-M,  Dulong  analysed  this 
acid,  by  passing  it  through  very  fine  red  hot  iron  or 
copper  wire  in  a  porcelain  tube,  with  ope  end.of  whiqh 
a  retort  containing  the  acid  was  connected,  with  the 
other,  a  glass  tube  filled  with  chloride  of  calcium,  and 
to  that  another  small  bent  tube  leadings  under  the 
receiver  in  which  the  gaswas  collected. 

As  soon  as  the  porcelain  tube  was  red  hot,  heat  was 
applied  to  the  retort,  and  the  acid  reduced  by  degrees 
to  vapour.  Its  oxygen  united  with  the  metal,  and  the 
disengaged  azote  passed  into  the  receiver,  depositing 
any  water  it  might  contain,  on  the  chloride  of  calcium^ 
In  its  |)assag;e  throug^b  it. 
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The  increased  weight  of  the  metal,  that  of  the  tube 
with  the  chloride  of  calciam,  and  the  volume  of  the 
«ga8,  gave  thd  proportion  of  azote  and  oxygen  in  the 
nitrous  acid.  The  following  were  the  results  of  the 
-experiment.    Ther.  60^  Faht. 

Grt. 

The  acid  weighed •  ,  •     122.54 

Increased  weight  of  the  metal   .     •     •    87.39 
ditto         of  the  chlorine     .    •      0.26 


•■"■^ 


The  volume  of  dry  gas  evolved  wajs 
126.32  cubic  inches,  but  it  con- 
tained 4.06  cub.  in.  of  hydrogen^ 
indicating  .68  of  a  gr.  of  oxygen-, 
and  the  .86  of  water  indicate  .22, 
together 0.90 

fience  the  oxygen  from  the  acid 

(87.39— 0.90)  was    .....        86.49 

Azote  (lS6.32u4.06=il2S.26)  .    .        36.16 


122.67 
Or  oxygen  100,  azote  41.83^ 

Cab.  In. 

And  by  volume,  oxygen      ....    250.35 
'' — -"-azote 122.26 

These  results  very  nearly  agree  with  those  obtained 
by  Gay  Lussac,  who  found  that  200  volumes  of  deut« 
oxide  of  azote,  combine  with  100  of  oxygen,  to  form 
nitrous  acid ;  according  to  which,  it  is  composed  of 
two  volumes  of  oxygen  and  one  of  azote,  or  by  weight 
of  100  oxygen  and  43.85  of  azote. 

%  137.  Pernitrous  Acid.-^\i  has  been  stated  in  a 
preceding  page,  that  this  acid  cannot  be  obtained  in« 
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sulatedy  its  i^omposkion  therefore  must  be  ascertained^ 
either  syntheticallyi  or  by  the  decomposition  of  a 
pernitrite.  The  former  method  is  the  most  accurate. 
J^ass  into  a  tube  dver  mercury,  500  or  600  parjts  of 
deutoxide  of  azotei  100  parts  of  oxygen,  and  a  little 
alkaline  solution,  an  absorption  amounting  tp  500 
parts  will  ensue,  consisting  of  400  deutoxide,  and  100 
oxygen.  Now  400  deutoxide  contain  £00  azote  and 
800  oxygen,  consequently  the  new  acid  is  composed  of 
three  parts  oxygen  and  two  of  azote,  or  of  150  of  the 
former,  and  100  of  the  latter.  I  have  already  said  the 
alistence  of  this  acid  is  questionable.  v 

§  138.  Sulphuric  Acid, — The  composition  of  this 
acid  may  be  ascertained  by  passing  it  through  a  por* 
celain  tube,  heated  nearly  to  whiteness,  whose  dia- 
meter must  not  much  exceed  two- tenths  of  ah  inch. 
The  apparatus,  and  mode  of  making  the  experiment, 
are  similar  to  that  for  decomposing  nitrous  acid,  except 
that  the  tube  with  the  chloride  of  calcium,  and  the 
inetallic  wire  is  omitted.  As  soon  as  the  decompo- 
»tion  begins,  abundance  of  vapours  appear  iii  the  bent 
glass  tube,  and  a  large  quantity  of  cloudy  gas  collects 
in  the  receiver  over  the  mercury.  Let  a  portion  of 
this  gas  be  agitated  in  a  tube  over  water ;  two-thirds 
will  bo  absorbed,  which  are  sulphurous  acid,  and  one-* 
third  of  iO^ygen  will  remain.  Sulphuric  acid  ther^foro 
consists  of  siilphurous  acid  plus  halfits  bulk  of  oxy- 
gen, and  .th€»  proportions  of  its  elements  will  be  de- 
indnstrated,  when  we  have  found  the  composition  of 
the  latter  acid, 

§139.  Sulphurous  Acid. — If  sulphur  be  burnt  in 
oxygen  gas,  a  volume  of  sulphurous  acid  gas,  withia 
H  few  hundredth  parts  equal  to  that  of  the  oxygen,  ia 
pbt&iaed*    As  sulphur  always  contains  bydrog^ni  the 
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deficiency  is  easily  accounted  for,  and  there  can  be 
little  doubt,  that  sulphurous  acid  consists  of  a  volume 
of  the  vapour  of  sulphur,  and  a  volume  of  oxygen, 
condensed  into  one  volume.  The  specific  gravity  of 
sulphurous  acid  gas  is  2.213^  and  that  of  oxygen  1.106 
the  difference,  or  L107  must  be  the  Height  of  the 
sulphur* 

According  to  this  experiment  then,  sulphurous  acid 
consists  of  100  sulphur  and  100  oxygen,  and  sul- 
phuric acid  of  100  sulphur  and  150  oxygen. 

^^  There  is  another  experiment  which  demonstrates 
in  a  very  satisfactory  manner  the  composition  of  sul- 
phurous acid.  Sulphuretted  hydrogen  consists  of 
hydro;8;en  holding  a  quantity  of  sulphur  in  solution. 
Kovv  oue  volume  of  this  gas  requires  one  volume  and 
a  half  of  oxygen  for  its  corapleat  combustion.  The 
substances  formed^  are  waiter  and  sulphurous  acid. 
The  ha^lf  volume  of  the  oxygen  goes  to  the  formation 
of  water,  and  combines  with  the  hydrogen.  Th^  one 
volume  of  oxygen  combines  with  all  the  sulphur,  and 
forms  sulphurous  acid.  The  sulphur  in  a  volume  of 
sulphuretted  hydrogen  is  obtained  by  subtracting  the 
specific  gravity  ofhydrogen  gas,  from  that  of  sulphu- 
retted hydrogen. 

Specific  gravity  of  sulphuretted  hydrogen  •     .     1.180 
■    ■         hydrogen  gas 0.069 

Sulphur  in  the  gas 1,111 

*'  But  the  specific  gravity  of  oxygen  gas  is  1.1  H. 
Hence  it  follows  that  sulphuric  acid  is  composed  of 

Sulphur  .    .    .-    .     .    •     .     1.111 

Oxygen 1.111 

(Thomson's  Chemistry,  Vol.  I.  p.  380.  Sth  edit.) 


%  143]  OP   IHE    Ai^AtVstd  Ot   OXIDES.  177 

§  140.  Iodic  Acid.'-^IOO  parts  of  dry  iodate  of  po* 
tassa,  decomposed  by  heat,  yield  22.59  of  oxygen,  and 
77.41  of  iodide  of  potassium^  containing  58.937  of  io* 
dine,  and  18.473  of  potassium ;  now  these  absorb  3.773 
of  oxygen  to  become  potassa,  there  remain  therefore 
18.817  parts  to  acidify  the  58.937  of  iodine;  conse* 
quently  iodic  acid  is  composed  by  weight  of  100 
iodine -4-31.988  oxygen;  or  of  one  volume  of  the 
vapour  of  iodine,  and  two  volumes  and  a  half  of  oxy« 
gen.     (Gay  Lussac.) 

§  141.  Chloric  Acid.^tf  100  parts  of  well  dried 
thloride  of  potassa  be  decomposed  by  heat  in  a  glass 
retort)  we  obtain  38.88  parts  of  oxygen,  and  61.13  of 
chloride  of  potassium^  which  contain  33.196  of  potas- 
sium, and  ^.924  of  chlorine;  but  32.196  of  potassium 
absorb  6.576  of  oxygen  to  become  potassa;  there 
temain  therefore  (38.88—6.576)  32.304  parts  of  oxy- 
gen, to  convert  28.924  of  chlorine  into  chloric  acid; 
consequently  it  is  composed  by  Weight  of  100  chlo- 
rine -f-  111.68  oxygen— or  of  one  volume  of  chlorine^ 
end  two  volumes  and  a  half  of  oxygen.  (Gay  Liissac.) 

§  142.  Perchloric  Acid, — The  analysis  of  this  acid, 
like  that  of  the  preceding,  is  to  be  effected  by  the 
decomposition  of  the  neutral  salt^  formed  by  its  com* 
bination  with  potassa*  For  more  particular  details 
see  section  122. 

^  143.  Chloriodic  Acid.^— The  analysis  of  this  acid  i^ 
a  problem  of  considerable  difficulty,  which  has  not  yet 
been  satisfactorily  solved,  arising  in  great  measure 
from  the  tendency  of  the  acid  to  combine  with  addi- 
tional portions  of  iodine,  whence  it  is  not  eai^y  to 
ascertain  the  e^act  point  of  saturation  of  the  two 
substances.  Sir  Humphry  Davy  made  two  experi- 
ments  to  determine  its  .composition,    by   admittin|; 

*    M 
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chlorine  jn  excess,  to  known  quantities  of  iodine  in 
vessels  exhausted  of  air,  and  repeatedly  heating  the 
sublimate.  In  the  first  experiment,  in  which  the 
sublimate  was  dissolved  by  admitting  a  small  quantity 
of  water  into  the  retort,  eight  grains,  of  iodine  absorbed 
5.25  cubic  inches  of  chlorine.  In  the  second^  in  which 
the  sublimate  was  not  dissolved,  but  the  absorption 
estimated  by  the  admission  of  fresh  quantities  of  the 
gas,  ?0  grains  absorbed  9.6  cubic  inches  of  chlorine. 
Ta^ing^  the  quantity  of  iodine  in  each  experiment  at 
SO  grs.  the  weight  of  chlorine  absorbed  is, 

In  the  first     .     .     9.99  grs. 
'  In  the  second     .     7.32 
The  mean  of  the  two    •  8.65 

* 

Gay  Lussac  determined  the  composition  of  hydriodic 
acid  to  be. 

Iodine     .     •     •    •     100. 
Hydrogen    .     .     .         0.849 

which,  considering,  hydrogen  as  unity,  gives  as  the 
equivalent  for  iodine  117.77,  or  omitting  fractions  117* 

Now  20  :  8.65  : :  117 :  50.1,  but  the  equivalent  for 
chlorine  is  33.5.  According  to  this,  chloriodic  acid  is 
composed  of  two  atoms  of  iodine  and  three  of  chlorine. 
But  as  Sir  Humphry  Davy  has  observed,  *'  the  esti- 
mation of  its  composition  from  experiments  on  the 
quantity  of  chlorine  absorbed  in  close  vessels,  must 
necessarily  be  liable  to  error." — (Phil.  Trans.  1814; 
p.  498.) 

§  144.  Selenic  Acid. — Berzelius,  finding  it  impos- 
sible to  obtain  correct  results  as  to  the  composition  of 
selenic  acid,  by  directly  combining  selenium  with  oxy- 
gen, had  recourse  to  the  action  of  chlorine.     For  this 
purpose  he  heated  sel^ium  in  chlorine*    It  became 
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hot,  liquified,  and  formed  at  first  a  brown  fluid  :  when 
saturated  with  chlorine,  it  ufForded  a  white  solid  massii 
of  chloride  of  selenium,  which  sublimed  by  heat  in  the 
form  of  a  yellow  vapour,  like  selenic  acid,  and  con- 
densed again  in  small  white  crystals.  By  continuing 
the  sublimation,  a  compact  white  mass  was  obtained, 
which  dissolved  in  water  with  disengagement  of  heat, 
and  gave  a  very  acid  colourless  solution.  Selenium 
appears  capable  of  combining  in  more  than  one  pro- 
portion with  chlorine ;  the  chloride  is  a  brownish 
-yellow  ti'ansparent  substance,  with  an  oily  appearance, 
requiring  a  higher  temperature  to  volatilize  it,  than  . 
the  perchloride.  It  is  decomposed  by  water  into 
selenic  and  hydrochloric  acids.  Berzelius  found  thef 
perchloride  of  selenium  to  consist  of 


Selenium 
Chlorine 


1. 

1.79 


2.79 


According  to  this  result,  supposing  the  perchloride 
to  contain  two  atoms  of  chlorine,  the  equivalent  num- 
ber for  selenium  is  37.43,  hydrogen  being  unity^  and 
chlorine  3S.5»  The  experiment  was  made  by  passing^ 
dry  chlorine  into  a  tube  containing  a  gramme  (15.444 
grs.)  of  selenium,  'till  the  latter  was  perfectly  saturated 
with  the  gas ;  the  excess  of  which  was  then  displaced 
by  atmospheric  air,  and  the  increase  of  weight  ascer- 
tained. Calculating  from  these  data,  selenic  acid  must 
consist  of 


Selenium 
Oxygen 


37.431 
15.00  J 


or 


{ 


100 
40 


H  2 
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For  the  equivalent  for  oxygen  is  7.5 ;  and  33.5 : 
^.bii  1.79  :  4 ;  and  1  :  4  : :  37.43 :  14.97.  Conse- 
quently selenic  acid  consists  of  one  proportion  of 
selenium  and  two  of  oxjgen.-r-(Annales  de  Chimie, 
vol.  ix.  p.  226.) 

§  145. ,  Chromic  Acid  has  not  been  hitherto  ana- 
lysed^ and  the  operation  is  one  of  considerable  diffi- 
culty, from  our  ignorance  of  any  means  by  which  a 
sufficient  quantity  of  chromium  may  be  obtained  in  its 
pure  metallic  state;  but  it  is  easy  to  ascertain  how 
mlich  oxygen  the  oxide  of  chromium  requires  to  become 
chromic  acid,  by  calcining  chromate  of  mercury  in  a 
porcelain  retort,  which  thus  is  decomposed  into  mer- 
cury, oxide  of  chromium  and  oxygen.  The  weight  of 
the  first  gives  that  of  the  oxygen  combined  with  it  in 
the  state  of  oxide,  and  the  difference  between  that 
and  the  whole  weight  of  oxygen,  gives  the  portion 
derived  from  the  chromic  acid. 

From  his  eitperiments  on  the  chromates  of  lead  and 
barya,  Berzelius  conceives  that  chromic  acid  contains 
twice  as  much  oxygen  as  the  green  oxide  of  chromium* 

According  to  him  the  green  oxide  consists  of 

Chromium    •     .     •     •     100. 
Oxygen 43.86 

And  chromic  acid  of  Chromium       •     .     •     100. 

Oxygen  *     .     .     .     .      87.72 

^  146.  Moli/bdic  Acid. — Bucholz  formed  molybdid 
acid  by  submitting  molybdena  in  fine  powder  to  the 
action  of  nitric  acid  :  according  to  his  experiments^ 
molybdic  acid  contains 

Molybdena  ....     100. 

Oxygen       .     •     •     •      *9-92 
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§  147.  Columbic  Acid.^^We  know  no  means  by 
which,  the  composition  of  this  acid  may  be  correctly 
ascertained. 

§  148.  Tungstic  Acid — We  have  no  direct  analy- 
sis of  this  acid  that  can  be  depended  on  :  Berzeliua 
found  the  sulphuret  of  tungsten  to  be  composed  of 


Tungsten 
Sulphur  • 


75.04 
24.96^ 


and  that  when  a  hundred  parts  of  this  sulphuret 
were  burnt  on  a  platina  tray,  till  the  disengagement 
of  sulphurous  acid  gas  ceased,  they  left  a  residuum  of 
93.6  parts  of  tungstic  acid ;  consequently  24.96  of  - 
sulphur  are  replaced  by  18.46  of  oxygen,  and  hence 
J 00  parts  of  tungsten  combine  with  24.6  of  os^ygea 
to  form  tungstic  acid ; — for  93.5 — ^75.04:;;;=  18.46,  and 
75.04  :  18.46 : :  100 :  24.6.— (Thomson's  Annals,  Vol. 
iii.  p.  244.) 

§  149.  Antimonious  Add. — On  100  parts  of  per- 
fectly pure  and  pulverized  antimony,  in  a  platina  cru- 
cible previously  weighed,  pour  first  diluted  nitric 
acid,  and  submit  it  to  a  gentle  heat :  it  will  thus  be 
converted  into  an  insoluble  subnitrate.  Then  pour 
off  the  clear,  liquid,  and  add  strong  nitric  acid ;  eva-« 
porate  the  whole  to  dryness,  and  calcine  the  residual 
mass  at  a  red  heat.  By  the  action  of  the  second  acid, 
the  metal  will  be  further  oxidated  and  pass  to  a 
yellow  colour ;  by  calcination  it  becomes  white,  and,, 
according  to  Thenard,  acquires  an  increase  of  weight 
equal  to  26.07,  which  is  oxygen. 

§  150.  A^i^o^ic  Acid.^-^yVhen  submitted  to  a  very 
high  heat  it  abandons  a  portion  of  its  oxygen,  and  is 
converted  into  antimonious  acid.  We  have  no  good 
analysis  of  it,  but  Berzelius  supposes  it  from  analogy 
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to  contain  twice  as  much  oxygen  as  the  protoxide, 
ivbich  he  states  to  be  composed  of  100  metal  -|-  18  6 
oxygen,,  and  consequently  that  it  is  formed  of  anti- 
mony 100,  4"  oxygen  37.2. 

§131.  Arsenic 'dnd  Arsenious  Acids.  Convert  a  cer- 
tain quantity  of  the  white  arsenic  of  the  shops  into 
arsenic  acid,  by  boiling  it  with  six  parts  of  aqua  regia, 
(composed  of  four  parts  nitric  and  two  of  hydrochloric 
acid)  in  a  glass  retorf,  to  which  a  receiver  is  adapted, 
till  it  becomes  syrupy;  then  pour  it  into  a  porcelain 
basin  and  evaporate  it  gently  to  dryness.  Weigh  off 
a  portion  of  the  dry  acid,  redissolve  it  in  distilled 
water,  and  saturate  the  solution  with  hydrate  of  po- 
tassa,  and  pour  into  it  a  solution  of  nitrate  of  lead; 
all  the  arsenic  acid  will  fall  down,  combined  with  the 
lead,  in  the  state  of  arseniate,  which  may  be  collected 
oa  a  filter,  well  washed  and  weighed. 

To  know  how  much  oxygen   is  contained  in  the 
arsenic  acid,  it  is  only  necessary  to  know  the  quantity 
of  acid  in  the  arseniate  of  lead,  which  is  found  by 
dissolving  a  certain  quantity  of  lead  in  nitric  acid, 
adding  to  the  neutral  solution  a  neutral  solution  of 
arseniate  of  potassa,  weighing  the  precipitated  arse- 
niatej  and  remembering  that  100  parts  of  lead  absorb 
7.7    to    become   protoxide.      Suppose   100  parts  of 
arsenic  afford  511.09  parts  of  arseniate  of  lead,  and 
that  333.05   parts  of  lead,   give  the  same  quantity 
of  arseniate;    then  the   arsenic    acid    will    be   com- 
posed  of  100  arsenic,  and  51.428  of  oxygen  ;  for  the 
511.09  of  arseniate  consists  of  333.95  of  lead,  100  of 
arsenic,  and  77.14  oxygen;  of  which  25.72  parts  are 
combined  with  the  lead,  and  consequently  51.42  parts 
with  the  arsenic.     More  lately  M.  Berzelius  has  an- 
nounced that  these  results  are  incorrect,  and  that 
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none  of  the  analyses  hitherto  published  have  given  the 
true  composition  of  the  acids  of  arsenic.  According 
to  hini  arsenious  acid  is  composed  of  100  arsenic,  and 
31.77  of  oxyi^en,  and  arsenic  acid,  of  100  arsenic,  and 
62.96  of  oxygen,  the  quantity  of  oxygen  in  the  former 
being  to  that  in  the  latter  as  S  to  3.  100  parts  of  white 
arsenic,  decomposed  by  su]phuretted>  hydrogen,  give 
124.5  parts  of  sulphuret  of  arsenic,  and  100  parts  of 
white  arsenic  decomposed  by  sulphur  in  a  weighed 
apparatus  lose  48.4  parts,  in  sulphurous  acid,  which 
flies  off.  (An.  de  Chimie,  t.  v.  p.  179.)  For  every 
atom  of  sulphur,  which  in  the  tirst  of  these  two  ex* 
periments  combines  with  the  arsenic,  an  atom  of 
oxygen  must  have  been  carried  off  by  the  hydrogen, 
and  its  quantity  is  denoted  by  the  increase  of  weight 
acquired  by  the  sulphuret:  now,  an  atom  of  sulp)iur 
is  just  double  the  weight  of  an  atom  of  oxygen ;  con- 
sequently, the  100  parts  of  white  arsenic  (arsenious 
acid)  contain  24.6  parts  of  oxygen.  Again,  since 
sulphurous  acid  contains  half  its  weight  of  oxygen 
44^  =  24.2  indicate  the  quantity  of  oxygen  in  100 
parts  of  arsenious  acid,  according  to  the  second  ex^* 
periment. 

§  152.  Hydrofluoric  Acid, — A6  in  all  cases  when 
direct  evidence  cannot  be  adduced,  presumptive  must 
be  had  recourse  to,  so  in  the  present  we  are  led  by 
the  presumption  of  strong  analogy  to  consider  this 
acid  as  composed  of  hydrogen  and  a  certain  base,  al- 
though that  base  neither  has  been,  nor  probably  ever 
will  be  obtained  in  an  insulated  state.  This  arises 
from  the  intense  affinities  which  it  exerts,  so  thai  it 
can  no  sooner  be\separated  from  one  body,  than  it 
combines  with  another.  Hydrofluoric  acid  is  a  colour- 
less liquid,  like  water,   which  remains  fluid  when 
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cooled  to  4^  Faht.  and  boils  at  a  low,  but  not  ascer- 
tained temperature.  Its  specific  gravity,  according^ 
to  Davy,  is  1.0609.  When  exposed  to  the  air  it  give9 
oflF  very  abundant  dense  white  fumes,  of  an  intolerably 
suffocating  and  highly  corrosive  nature,^  and  if  a  drop 
of  it  touch  the  skin  it  instantly  destroys  its  texture 
and  produces  a  painful  sore.  When  a  drop  of  wateir 
fells  into  this  acid  a  hissing  noise  is  heard,  and  if 
several  drops  be  added  the  liquid  begins  to  boil.  The 
action  of  potassriuiu  on  this  acid  is  very  violent,  a 
solid  white  substance  is  formed,  and  hydrogen  gas 
disengaged — When  fluoric  acid  is  submitted  to  a  cur- 
rent of  electricity  by  the  voltaic  apparatus,  hydrogen 
is  evolved  at  the  negative  platina  wire,  and  the  posi- 
tive is  covered  with  a  chocolate  coloured  substance* 
Now,  on  the  supposition  that  this  acid  contains  no 
water,  these  phenomena  can  only  be  explained  by  the 
hypothesis  that  it  consists  of  a  peculiar  base  (fluorine) 
and  hydrogen ;  and,  as  all  attempts  to  discover  water 
in  it  have  failed,  we  can  hardly  refuse  our  assent  to 
its  probability,  even  if  we  withhold  our  absolute  con* 
victioB, 

The  proportion  of  the  elements  of  hydrofluoric  acidi 
have  not  been  correctly  ascertained ;  but,  from  the 
composition  of  fluor  spar,  which  may  be  considered 
as  a  fluoride  of  calcium,  and  supposing  the  acid  to  be 
formed  of  equal  volumes  of  hydrogen  and  fluorine, 
the  weight  of  the  former  to  that  of  the  latter  must  be 

about  1  to  15 (See  Davy's  interesting  papjer  on  this 

subject,  Phil.  Trans.  1813  and  1814.) 

%  153.  Sulphuretted  Hydrogen  may  be  examined 
by  keeping  tin  melted  in  a  portion  of  the  gas,  by  a 
spirit  lamp,  in  a  small  retort  over  mercury,  for  about 
half  au  hour ;  sulphuret  of  tiu  is  formed,  and  a  yolumo 
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of  pure  hydrogen  remains,  wbicb,  when  the  apparatus 
IS  cool,  will  be  found  exactly  equal  to  the  volume  of 
the  gas. 

When  electrical  sparks  are  passed  for  a  long  time 
through  sulphuretted  hydrogen,  sulphur  only  is  de- 
posited, and  pure  hydrogen  remains ;  aiid  if  sulphur 
be  heated  strongly  in  hydrogen  gas,  sulphuretted 
hydrogen  is  formed. — It  is  evident,  therefore,  that  this 
gas  consists  of  a  volume  of  hydrogen  holding  sulphur 
in  solution;  and  since  its  specific  gravity  is  1.1912, 
and  that  of  hydrogen  0.07S7,  it  follows  that  it  is 
composed  by  weight,  of  93. 87  sulphur  -[-  6.13  hy- 
drogen. 

§  154.  Hydriodic  Acid  Gas. — Agitate  a  certain 
quantity  of  the  gas  in  a  tube  over  mercury ;  the  acid 
will  be  decomposed,  a  solid  iodide  of  mercury  pro- 
duced, and  a  volume  of  hydrogen  evolved,  equal  to 
half  that  of  the  acid  gas.  Now,  since  the  specific 
gravity  of  this  gas  is  4.375,  and  that  of  the  vapour  of 
iodine,  8.678,  it  must  be  formed  by  weight  of  100 
iodine,  and  850  hydrogen ;  and  by  volume,  of  one  of 
hydrogen  and  one  of  vapour  of  iodine,  in  their 
natural  state  of  condensation, 

§  155,  Hydrochloric  Acid  Gas, — Heat  some  pure 
grain  tin  in  a  small  retort,  containing  a  certain  quan- 
tity of  the  gas,  over  mercury.  The  tin  will  combine 
with  the  chlorine,  and  form  the  substance  formerly 
called  Libavius's  liquor,  and  a  volume  of  hydrogen 
gas  will  be  set  free,  equal  to  half  the  volume  of  hydro- 
chloric acid  gas  employed. 

If  a  mixture  of  equal  volumes  of  perfectly  dry  chlo- 
rine and  hydrogen  be  detonated  together,  two  volumes 
of  hydrochloric  acid  are  the'result,  consequently  the 
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gases  combine  without  any  condensation,  and  the  spe^ 
cific  gravity  of  hydrochloric  acid,  must  be  equal  to 
half  the  sum  of  the  specific  gravities  of  its  elements*, 
that  is  ^A713 +  0.0737  =  1.2725.    Hence  hydro- 

2 

chloric  acid  gas  consists  of  equal  volumes  of  chlorine 
and  hydrogen. 

A  detailed  history  of  the  controversy  respecting 
chlorine,  and  of  the  facts  which  led  Sir  Humphry 
Davy  to  the  establishment  of  its  uncompounded  nature 
(a)  would  be  impertinent  in  this  place ;  but  since  an 
attempt  has  been  lately  made  by  Dr.  Ure  to  revive 
the  subject,  and  to  confirm  the  opinion  of  Dr.  Murray,. 
\vho  contended  in  support  of  the  former  theory,  a  few 
words -seem  necessary.  Dr.  Murray's  principal  oppo- 
nent was  Dr.  John  Davy ;  their  arguments  may  be 
found  at  length  in  Nicholson's  Journal. 

According  to  the  school  of  Lavoisi(;r,  chlorine  is  a 
compound  body  consisting  of  muriatic  acid  and 
oxygen.  When  hj^drogen  and  chlorine,  or  as  it  was 
called,  oxy muriatic  acid  gas,  are  detonated  together, 
the  hydrogen,  combining  with  the  supposed  oxygen  of 
the  chlorine,  forms  water,  which  becomes  part  of  the 
muriatic  acid,  to  whose  existence  in  an  insulated  state 
it  is  conceived  to  be  essentia],  and  which,  on  this  hypo- 
thesis, must  consist  of  an  unknown  base  and  water; 
and  could  this  be  proved,  the  presence  of  oxygen 
would  be  justly  inferred  in  chlorine.  Dr.  Murray's 
experiments  were  chiefly  directed  to  this  object,  but 


(a)  The  possibility  that  chlorine  might  be  a  simple  substance  was 
first  suggested  by  M.  M.  Gay  Lussac  and'Thenard  (unless  >vith  Sir 
Humphry  Davy  we  rather  ascribe  ^t  to  Scheele)  but  we  are  indebted  to 
our  illustrious  fellow  countryman  for  the  proofs  which  confirmed  the 
luppositiun. 
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ineffectually.  Dr.  Ure,  however,  has  recently  assert- 
ed, that  if  muriate  of  ammonia  in  vapour,  or  muriatic 
acid  gas,  both  completely  dry,  be  passed  through  a 
tube  containing  iron  or  silver,  at  a  red  heat,  water  is 
abundantly  produced.  Sir  Humphry  Davy  repeated 
the  experiment  and  ascertained  that  the  water  was 
derived  from  sources  not  suspected  by  Dr.  Ure. 

When  muriatic  acid  ^as  was  passed  through  flint 
ghiss  tubes  heated  red  hot,  a  copious  dew  was  formed; 
the  glass  became  opaque,  and  a  combination  of  chlorine 
and  lead  sublimed  from  the  hotter  into  the  colder 
part  of  the  tube :  when  green  glass  tubes  (which 
contain  no  oxide  of  lead)  were  used,  the  dew  ws^s 
less  abundant,  the  surface  of  the  tube  became  slightly 
opaque,  but  no  sublimate  was  formed.  When  the  gas 
was  passed  through  similar  tubes  containing  clean 
iron  wire,  if  atmospheric  air  Was  present  considerable 
quantities  of  water  were  formed,  but  when  such  pre- 
cautions were  taken,  by  filling  the  whole  apparatus 
with  hydrogen,  and  generating  the  muriatic  acid  gas 
in  a  retort  filled  with  hydrogen,  that  no  atmospheric 
air,  whose  oxygen  might  form  water  with  the  hydrogen 
of  the  muriatic  acid  gas  disengaged  by  the  action  of 
the  iron,  could  be  present,  in  this  case  no  more  water 
Was  produced  than  in  the  former  instance  by  the  action 
of  the  gas  on  the  oxide  of  lead  and  alkali  in  the  glass. 
Like  results  were  obtained  with  muriate  of  ammonia^ 
except  that  it  was  not  altered  by  being  passed  through 
the  glass  tubes  alone,  but  when  metals  were  present 
it  gave  results  similar  to  those  afforded  by  muriatic 
acid  gas. 

It  has  been  stated  above,  that  when  equal  volumes 
of  chlorine  and  hydrogen  are  detonated  together,  two 
Tolumes  of  hydrochloric  acid  are  the  result,  and  when 
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metals  act  on  hydrochloric  acid,  half  its  volume  ot 
hydrogen  is  produced.  It  follows  that  the  other  half 
Yolame  must  be  chlorine,  and  consequently  if  wate* 
be  produced  by  the  action  of  metals  on  hydrochloric 
acid,  either  the  chlorine  or  the  metal  or  both  must  be 
decomposed.  Sir  Humphry  Davy  passed  23  cubic 
inches  of  chlorine,  freed  from  its  aqueous  vapour  by 
liydrochlorate  of  lime,  over  red  hot  iron  wire  contained 
in  a  green  glass  tube  placed  within  another  of  flint 
glass  ;  not  the  slightest  appearance  of  moisture  was  per* 
ceptible.     (See  Phil.  Trans.  1818,  p.  169.) 

Thus  the  source  of  the  water  in  Dr.  Ure's  experi- 
ment, is  satisfactorily  demonstrated  to  have  been  the 
oxide  of  lead  and  alkali  in  the  glass,  and  the  atmos« 
pheric  air  in  the  apparatus,  all  of  which  are  deconir 
posed  by  the  compound  affinities  of  the  hydrochjoric 
acid  gas  and  these  substances. 

In  the  fourth  edition  of  his  system  of  chemistry,, 
just  publjjfhed,  (vol.  ii.  p.  429.)  Dr.  Murray  remarks 
on  the  preceding  experiment  of  Davy,  "  These  causes, 
I  believe,  have  little  or  no  influence  on  the  result. 
Tlie  water  does  not  appear  until  after  the  air  in  th^ 
tube  has  been  entirely  expelled  by  the  muriatic  acid 
gas.  And  were  it  even  granted,  that  at  a  red  heat  the 
glass  is  liable  to  be  acted  on  by  the  acid,  in  the  greater 
number  of  the  experiments  I  performed,  the  heat 
applied  was  much  lower,  and  the  glass  did  not  exhibit 
the  slightest  appearance  of  being  acted  on.  The 
objection  is  not  better  founded  than  the  oi\e  formerly 
maintained,  that  the  water  is  derived  by  absorption 
from  the  atmosphere.** 

From  the  definite  nature  of  chemical  compounds,  it 
is  difficult  to  conceive  how  water  can  be  produced  by 
the  action  of  hydrochloric  acid  gas,  on  clean  iron  or 
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iBilyer,  even  supposing  it  to  be  actually  contained  in, 
and  essentially  necessary  to  the  existence  of  the  acid 
in  the  gaseous  state.  Acids  do  not  combine  with  the 
pure  metals,  but  with  theif  oxides.  Hydrochloric 
acid,  on  the  hypothesis  of  Dr.  Murray  must  consist  of 
an  atom  of  muriatic  acid  and  one  of  water;  when 
tnade  to  act  on  pure  silver  or  iron,  if  the  analogies, 
so  strongly  insisted  on,  between  hydrochloric  and  the 
common  acids  really  hold,  the  water  must  first  be 
decomposed  by  the  metal  to  form  the  oxide,  before  the 
acid  can  enter  into  union  with  it;  but^  since  to  assume 
that  each  atom  of  a6id  combines  with  more  than  one 
atom  of  water,  Would  be  purely  gratuitous  and  un- 
tenable, whence  can  the  oxygen  be  derived  to  consti« 
tute  the  water  they  pretend  to  be  given  off?  It  seems 
evident,  that,  even  oil  the  old  hypothesis,  hydrogen  at 
most  ought  to  be  evolved* 

^  156.  FluosUicic  Acid  Gas, — This  gas  was  ana- 
lysed by  Dr.  John  Davy,  by  passing  it  into  liquid 
Simmonia,  which  precipitates  the  whole  of  the  silica. 
According  to  his  analysis  it  is  composed  of  fluoric 

acid  38.6,  silica  61.4 (Phil.  Trans.  1818.)     It  might 

also  be  accomplished  by  dissolving  100  cubic  inches  of 
this  gas  in  water,  pouring  an  excess  of  subcarbonate 
of  soda  into  the  solution,  boiling  and  filtering  it.— 
All  the  silica  deprived  of  its  acid  would  remain  on  the 
ifilter ;  when  dried  and  calcined  it  might  be  weighed, 
and  its  weight,  deducted  from  the  weight  of  the  gas, 
would  give  us  that  of  the  acid. 

§  157.  Fluoboric  Acid  Gas. — There  is  not  hitherto 
any  process  known  by  which  the  proportions  of  the 
elements  of  this  gas  may  be  certainly  determined. — It 
is  decomposed  by  heating  potassium  in  it.  Boron  and 
fluate  of  potassa  are  the  results. 
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To  distinguisk  (be  Mineral  Acids  contained  in  a  Mixed 
Solution  of  those  Bodies  in  Water. 

%  158.  Only  five  of  the  acids  soluble  in  water  can 
exist  tog;ether  in  solution,  even  at  slightly  elevated 
temperatures : — these- are  the  boracic,  carbonic,  phos- 
phoric,  fluoric,  and  fluoboric ;  (a)  the  properties  of 
all  the  rest  are  affected  by  their  mutual  action. 

A*  Phosphorous  and  Hypophosphorous  Acids  Bte 
altered  by  the  action  of  the  nitric,  nitrous,  chloric, 
iodic,  and  perhaps  chromic  and  molybdic  acids. 

B.  Sulphurous  Acid,  by  the  nitrous,  uitric,  chloric, 
iodic,  chromic,  molybdic,  and  hydrosulphuric,  or 
sulphuretted  hydrogen,  (b) 

C.  Sulphuric,  by  the  hydriodic,  and  sometimes  by 
sulphuretted  hydrogen.  (See  K  ) 

D.  NitriCy  by  the  phosphorous,  hypophosphorous, 
sulphurous^  hydrochloric,  hydriodic,  and  sulphuretted 
bydrogen, 

E»  NitrouSy  by  the  phosphorous,  hyppphosphorous, 
sulphurous,  sulphuretted  hydrogen,  hydriodic,  and 
probably  chloric* 

F.  Chloric,  by  the  phosphorous,  hypophosphorous, 
sulphurous,  hydrochloric,  sulphuretted  hydrogen,  and 
probably  hydriodic  and  nitrous. 

6*  Iodic,  by  the  phosphorous,  hjpophosphorous, 
sulphurous,  hydrochloric,  hydriodic,  and  sulphuretted 
hydrogen. 

H.  Hydrochloric,  by  the  nitric,  chloric,  iodic, 
chromic,  molybdic. 


fa)  I  omit  the  tungstic  and  columbic  acids,  since  they  are  insoluble  in 

Iter. 

I  retain  the  name  of  sulphuretted  hydrogen  for  the  reasons  giv^u. 

(6)  Its  properties  clearty  rank  it  with  the  acids. 


water 

w  (6) 
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I.  Hi/driodicy  by  the  sulphuric,  nitric,  nitrous, 
iodic,  and  probably  chloric,  chromic,  and  inolybdic. 

K.  Sulphuretted  Hydrogen^  by  the  sulphurous, 
nitric,  nitrous,  chloric,  iodic  and  arsenic ;  sometimes  by 
the  sulphuric,  and  probably  by  the  chromic,  and 
molybdic*  (a) 

L.  Arsenic  Acid^  by  sulphuretted  hydroden  after 
being  some  time  in  contact  with  it. 

M.  Chromic  and  Molyhdic  Acids,  by  the  sulphu- 
rous, faydrochlorici,  and  probably  hydriodic^  phospho« 
rous,  and  hypophosphorus  acids,  and  sulphui'etted 
hydrogen. 

§  159.  Not  only  the  temperature,  but  also  the 
quantity  of  water  in  which  the  acids  are  supposed  to 
be  dissolved,  in  many  instances,  modifies  the  results. 
Thus  sulphurous  acid  and  sulphuretted  hydrogen  inay 
exist  together  when  their  solutions  are  largely  diluted, 
but  when  concentrated  they  immediately  decompose 
each  other,  (b)     The  same  observation  applies  to  the 


(a)  The  decomposition  of  sulphuretted  hydrogen  by  other  acids  is 
always  effected  by  their  abstracting  its  h'ydrogen,  which  combines  with 
the  oxygeiii  of  the  decomposing  acid,  and  its  base,'  together  with  the 
sulphur  of  the  sulphuretted  hydrogen,  are  set  free.  Sulphuric  acid  re- 
quires to  be  highly  concentrated,  and  a  considecable  length  of  time  to 
effect  the  decomposition  of  sulphuretted  hydrogen, and  the  latter  must 
be  in  its  gaseous  form. 

(6)  I  may  mention  here  incidentaHy,  that]  Dr.  Thomson  has  given  a 
eoxrtnunication  in  the  Annals  of  Philosophy,  for  December,  1 8 1 8,  p.  441 , 
on  the  mutual  action  of  dry  sulphurous  acid,  and  sulphuretted  hydrogen 
gases^  from  which  it  appears  that  the  subject  has  not  hitherto  been  well 
vnderstood^  He' found  12  measures  of  sulphuretted  hydrogen  gas  com- 
j^etely  absocbed  by  8  of  sulphurous  acid.  The  substance  deposited, 
was  not  sulphur,  though  in  appearance  greatly  resembling  it,  but  a 
peculiar  acid  compound  which  appears  to  consist  o£  sulphur,  oxygen, 
and  hydrogen.  There  is  no  proof  of  any  water  being  formed  in  the 
process,  at  Dr.  Thomson  could  not  separate  any  from  it,  either  by  heat 
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iodic  and  hydriodic  acids*  Sulphurous  acid  also  takesr 
oxygen  from  concentrated  nitric  almost  immediately 
on  their  coming  in  contact^  but  they  may  be  mixed  in 
considerable  quantities  in  water^  without  undergoing* 
an;  change,  at  least  at  common  temperatures. 

§  160.  It  will  be  convenient  for  the  solution  of  the 
proposed  question  to  arrange  the  acids  into  two  series, 
as  follows : — 


Acids  of  the  First  Series  i 

Boracic. 

Phosphoric. 

Phosphorous. 

Hypophosphorous. 

Sulphuric. 

Nitric. 

Chloric 

Iodic. 

Arsenic. 

Molybdic. 

Chromic. 


Acids  of  the  Second  Series, 

Carbonic. 
Sulphurous* 
,  Nitrous* 
Hydrochloric* 
Hydriodic. 
Fluoboric. 
Hydrofluoric. 
Sulphuretted  hydrogen^ 


To  ascertain  if  any  of  the  acids  of  the  second  series 
be  present  in  the  mixture,. saturate  it  by  degrees,  with 
pure  hydrate  of  potassa,  evaporate  to  dryness,  transfer 
the  residuum  to  a  flask,  add  sulphuric  acid,  and  receive 
the  gas  which  may  be  evolved  over  mercury.    The 


or  any  other  method  he  could  devise.  Two  atoms  of  sulphurous  acid 
contain  two  atoms  of  sulphur,  and  four  of  oxygen ;  three  of  sulpha* 
retted  hydrogen  contain  three  of  sulphur  and  three  of  hydrogen. — If 
water  were  formed,  one  atom  of  oxygen  must  remain  uncoml)ined,  so 
that'  its  production  is  equally  inconsistent  with  theory  as  with  esp«n« 
toent* 


^  160]        OF  th£  analysis  oi^  oxti>fis«  193 

nature  of  this  must  then  be  examined  as  directed  iu 
the  pre<;eding  pages  of  this  volume  (§  14.) 

The  hydriodic  and  nitrous  acids  will  be  decomposed 
in  the  process,  but  their  presence  will  nevertheless  be 
ascertained  with  equal  certainty  by  the  first  producing 
the  beautiful  violet  vapour  of  iodine,  the  second, 
deutoxide  of  azote,  which  may  easily  be  separated 
from  the  other  gases  by  an  alkaline  solution  (|  27),  and 
will  instantly  assume  a  reddish  yellow  colour  by 
contact  with  atmospheric  air  or  oxygen. 
^  A  difficulty  however  may  occur :  if  vapour  of 
iodine  be  disengaged  by  the  action  of  sulphuric  or 
hydriodic  acid,  the  former  must  necessarily  be  in  part 
converted  into  sulphurous  acid  (a,)  How  are  we  to 
asdertain,  in  that  case,  if  sulphurous  acid  be  contained 
in  the  mixture  ?  One  of  the  simplest  methods  is  to 
decompose  a  fresh  portion  of  the  alkaline  salts  by  a 
solution  of  phosphoric  acid ;  if  sulphuric  acid  gas-be 
still  evolved,  it  must  have  formed  part  of  the  mixture. 
Lastly,  it  is  possible,  that  sulphuric  acid  may  decom- 
pose some  sulphuretted  hydrogen,  bat  the  characters 
of  the  latter,  are  so  decidedly  marked,  that  it  is 
always  readily  distinguished  from  every  other  sub- 
stance. 


(a)  I»  h  not  supposed  that  the  iodine  can  arise  from  iodic  acid,  which 
requires  a  much  higher  temperature  than  is  employed  in  this  process 
for  its  decomposition;  further,  sulphurous  and  hydrochloric  acids, 
inuuediately  throw  down  itnline  from  iodates,  but  not  from  hydriodates, 
vhereas  chlorine,  nitric  acid,  &c.  precipitate  it  from  hydriodates,  and 
not  from  iodatei.  Moreover,  since  the  hydriodic  and  iodic  acids, 
mutually  decompose  each  other,  it  will  always  bt  easy  to  discover^ 
whether,  in  the  experimeat  quoted,  the  iodine  be  deriyed  from  iodic  or 
hydriodic  acid. 

N 
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§  161.  Having  examined  the  mixture,  for  the  acids 
of  the  second  series,  those  of  the  first  must  next  be 
looked  for.     The  mixture  contains, 

A.  Sulphuric  Acid;  if  the  precipitate  it  forms  with 
nitrate  or  hydrochlcrate  of  barja  be  insoluble  in  an  ex- 
cess of  nitric  or  hydrochloric  acids,  and  when  calcined 
with  charcoal,  acquires  the  taste  and  smell  of  rotten 
eggs. 

*  B.  Nitric  Acid;  if,  when  deprived  by  heat  of  the 
nitrous  acid  it  may  contain,  on  being  made  to  act  oa 
copper  filings,  deutoxide  of  azote  be  evolved. 

C.  ledic  Acid;  if  sulphurous  and  hydrochloric  acids^ 
and  sulphuretted  hydrogen  immediately  precipitate 
iodine,  and  if  the  two  former  produce  the  same  effect, 
after  the  mixture  is  neutralized  by  potassa. 

D.  Chloric  Acid;  if,  the  mixture  being  saturated 
with  potassa  and  evaporated  to  dryness^  the  residual 
salt'  occasion  bright  scintillations  when  thrown  on 
burning  charcoal  \  and  when  heated  with  dilute  8ul« 
phuric  acid,  it  gives  out  oxygen  and  chlorine,  or  at 
least  the  latter  gas  (a). 

E.  Boracic  Acid;  if  the  mixture  when  slightly 
supersaturated  with  potassa,  deposits  white  scaly 
crystals,  by  the  action  of  hydrochloric  or  sulphuric 
acid,  which  vitrify  by  a  strong  heat. 

F.  Moli/bdic  Acid;  if  ih  the  preceding  experiment, 
a  precipitate  be  foriued,  which  when  digested  in  boil- 
ing water,  and  a  lamina  of  tin  or  zinc  is  immersed  in 
it,  the  liquid  assumes  a  blue  colour;  and  if  it  also 
gives  a  ytUlow  precipitate  with  nitrate  of  lead. 

(a)  Hydrochloric  and  chloric  acids  are  incompatible  with  each  other 
in  the  same  solution.  If  the  first  series  of  experiments  thjSi:efore  have 
proved  the  presence  of  hydrochloric  acid,  the  chlorine  evolved  must  be 
derived  from  that  source. 


(5.  Arsenic  of  ArsenioU^  Acids/-  if  neutralized  by 
potassa,  evaporated  to  dryness,  mixed  with  chait;o£(i 
powder  and  calcined  in  a  retort,  a  metal  sublimes^ 
haying  the  properties  of  arsenic  (|  41  G.) 

H.  Chromic  Acid, — To  discover*  the  presence  of  this 
acid,  first  treat  the  mixture  with  an  excess  of  nitriii 
acid,  to  prevent  the  chromic  acid  from  passing  to  the 
state  of  6xide,  then  heat  it  in  order  to  expel  the 
gaseous  acids,  and  neutralize  it  by  an  alkali ;  if  the 
solution  contain  chromic  acid,  it  will  precipitate  nitrate 
of  silver  crimson,  acetate  of  lead  yellow,  and  acid 
nitrate  of  mercury  red,  and  the  last  will  become  green 
by  calcination. 

I.  Either  of  the  Acidi  ©jf  Phosphorus Evaporate 

the  mixture  nearly  to  dryness,  dilute  it  with  water, 
and  saturate  it  with  aipmonia»  If  an  acid  i^ith  base 
of  phosphorus  be  present,  Bydrodilorate  of  lime  will 
occasion  a  precipitate,  which  being  decomposed  by 
sulphuric  acid,  and  filtered,  and  the  clear  liquor 
evaporated  to  a  syrup,  and  then  mixed  with  charcoal 
powder  and  distilled  in  a  retort,  will  yield  phosphorus. 

Analifsis  of  a  Mixture  of  Sulphuric^  Nitric^  and 
Hydrochloric  Acids^  (a). 

^  163.  A.  Pour  an  excess  of  nitrate  of  barya  into 
the  solution,  which  will  throw  down  all  the  sulphuric 
ftcid  in  combination  with  its  base.  The  weight  of 
the  sulphate  of  barya  when  well  washed,  dried,  and 
calcined)  will  give  that  of  the  sulphuric  acid ;  100  parts 


(«)  These  acids  are  the  most  frequently  foun4  mixed  together.  The 
taitric  and  hydrochloric  aci^s  are  supposed  to  be  too  much  diluted  to 
decoiBpose  each  other. 
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of  sulphate  of  barya  indicate  34  parts  of  sulphuric 
acid. 

B.  For  the  quantity  of  hydrochloric  acid,  add  an 
excess  of  nitrate  of  silver  to  the  solution,  collect  the 
chloride,  wash,  dry,  and  weigh  it ;  100  parts  of  chloride 
of  silver  indicate  24.5  of  chlorine,  and  consequently 
25.27  of  hydrochloric  acid, 

C.  For  the  nitric  acid,  first  digest  an  excess  of  oxide 
of  silver  in  the  mixture,  for  about  half  an  hour,  shak- 
ing it  occasionally :  then  decant  the  liquid,  wash  the 
residuum  and  add  the  washings  to  the  liquid.  Next 
drop  in  a  solution  of  barya  water,  till  it  cease  to 
occasion  any  further  precipitate ;  filter,  and  wash  the 
precipitate,  adding  the  washings,  as  before,  to  the  mix- 
ture ;  then  8£(t urate  the  filtered  liquid  with  a  further 
portion  of  barya  water,  and  evaporate  the  whole  to 
dryness.  The  oxide  of  silver,  and  the  first  portion  of 
barya,  will  separate  the  hydrochloric  and  sulphuric 
acids,  and  the  second  portion  will  combine  with  the 
nitric  acid.  The  nitrate  of  barya,  after  being  well 
dried,  at  a  heat  below  incipient  redness^  will  give  that 
of  the  nitric  acid :  100  parts  of  nitrate  of  barya  indi- 
cate 40  parts  of  nitric  acid. 


164] 
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CHAPTER  THE  FIFTH. 
Analysis  of  Mineral  Salts* 

DIVISION  THE  FIRST. 

To  determine  the  Nature  of  any  particular  Salt. 

S  163-  The  genus  to  which  the  salt  belongs  must 
be  first  ascertained.  The  genera  are  27  in  number, 
namely : — 


Second  Series* 

IS.  lodates 

13.  Nitrates 

14.  Sulphates 

15.  Borates 

16.  Phosphates 

17.  Phosphites 

18.  Hypophosphites 

19.  Arseniates 
SO.  Arsenites 

21.  Chromates 

22.  Molybdates 

23.  Tungstates 
£4.  Columbates 

25.  Antimoniates 

26.  Antimonites 
97.  Seleniates 


S  164.  If  the  salt  effervesce  with  sulphuric  acid 
^t  the  common  temperature,  or  when  slightly  heated, 
it  belongs  to  the  first  series,  and  its  genus  will  be 
known  bj  the  nature  of  the  gas  disengaged. 


First  Series. 

1.  Carbonates 

2.  Sulphites 

3.  Sulphuretted  Sulphites 

4.  Nitrites 

5.  Chlorates 

6.  Fluates 

7.  Fluoborates 

8.  Chlorocarbonates 

9.  Hydriodates 
10.  Hydrochlorates 

p  Hydrosulphurets 
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Nitrites  give  off  a  red  gas. 

CkloraterB.  greenish  yellow  gas. 

Sulphites  are  known  by  the, odour  of,  the  gas,  as  aro 
also  the  Hi/drosulphurets. 

Carbonates  give  a  colourless  gas,  with  a  slightly 
pungent  odour,  which  does  not  affect  the  transparency 
of  the  air. 

The  white  acid  vapours  which  arise  from  the  Aj^dro-t 
chlorates^  chlorides^  (a)  Jluoborates^  Jluates^  and  chlo-* 
rocarbonatesj  forbid  their  being  confounded  with  any 
other  (b)  salts,  and  by  collecting  the  gases  over  mer-» 
cury  thej  may  be  individually  distinguished.  If  the 
salt  be  a  fluate,  the  gas  will' deposit  white  flakes  whea 
absorbed  by  water ;  if  a  fluoborate,  it  will  blacken 
paper  placed  in  contact  with  it ;  if  a  hydrochlorate  or 
chloride,  its  gas  will  dissolve  entirely  in  less  than  6ne« 
hundredth  part  of  its  volume  of  water,  and  the  solution 
will  give  a  precipitate  with  nitrate  of  silver,  soluble 
in  ammonia,  and  insoluble  in  nitric  acid;  lastly,  if 
the  salt  be  a  ohloroc^vrbonate,  its  gas  will  be  composed 
of  two  parts  of  hydrochloric,  and  one  of  carbonic  acid, 
and  when  placed  in  contact  with  a  little  water, , the 
first  will  be  absorbed,  and  the  other  retain  its  gaseous 
state. 

The  characters  of  the  hydriodates  are  also  distinctly 
marked.    By  sulphuric  acid  the  hydriodic  acid  is  dis- 

(«)  No  distinction  is  i-  ade  here,  between  the  hydrochlorates  an4 
chlorides,  but  to  prevent  confusion,  it  should  be  remembered,  that  most 
of  the  hydrochlorates  when  dry,  are  true  chlorides,  and  when  the  latter 
are  dissolved  in  water,  they  9gain  become  hydrochlorates.  All  .th(5 
chlorides  are  decomposed  by  concentrated  sulphuric  acid,  and  afibrd 
hydrochloric  acid,  except  chloride  of  silver.    (Note  by  M.  Thenard.) 

{b)  Hydriodic  acid  gas  also  exhales  white  vapours,  but  when  the 
bydriodates  are  decomposed  by  sulphuric  acid,  sulf^urous  pA^  an4 
vapour  of  iodine|  ar^  ^i  re^it,  s 
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engagned  and  decomposed,  and  salpfaur^uis  acid  ^16, 
diethtgmslmble  by  its  smell,  and  iqdine,  partly  hi  the 
state  of  vapow  so  remarkable  for  its  violet  colonfr, 
are  obtained. 

Chlorine  afrd  citric  atid  also  sepanite  iodine  ftotn 
the  hydriodatiss. 

k  105.  If  the  salt  do  not  effervesce  with  sulphuric 
acid  at  the  usual  temperature,  nor  when  heated,  it 
belonj^s  to  the  genera  of  the  second  Series. 

If  a  nitrate^  sulphuric  acid  will  disengage  white 
vapours  from  it  without  effervescence,  and  if  some 
copper  filings  be  added,  red  Vapours,  with  efferves- 
cence, will  be  evolved.  When  the  salt  is  thrown  on 
ignited  coals,  it  renders  the  ignition  more  vivid.  The 
chlorates,  and  some  of  the  iodates  also  possess  this 
property. 

If  the  salt  be  a  sulphate^  by  boiling  one  part  of  it 
for  some  time,  with  one  and  a  half  or  two  parts  of 
.  nitrate  of  barya,  in  eight  or  ten  parts  of  water,  sulphate 
of  barya  will  be  precipitated;  this,  when  heated  red 
with  an  equal  weight  of  charcoal,  is  converted  into  a 
.sulphuret,  which  if  moistened  has  the  taste  and  odour 
of  rotten  eggs. 

The  iodates  are  all  insoluble,  or  nearly  so,  in  water ; 
solutions  of  sulphurous  acid,  and  sulphuretted  hydro- 
gen, decompose  them,  and  separate  iodine,  which  may 
be  rendered  evident  by  collecting  the  precipitate  and 
heating  it  in  a  flask.  Hydrochloric  acid  also  decomposes  * 
them,  its  hydrogen  unites  with  the  oxygen  of  the  iodic 
acid,  water  is  formed,  and  chlorine  evolved,  part  of 
which  flies  off,  and  the  rest  combines  with  the  iodine. 
The  iodates  are  also  decomposed  by  sulphuric  acid,  at 
a  temperature  of  about  400^,  oxygen  gas  and  vapour 
of  iodine  are  disengaged ;  chlorine  does  not  produce 
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mnj  change  in  them.  They  are  all  decomposed  hy  a 
low  red  heat,  generally  with  disengagement  of  oxygen 
and  iodine,  but  some  give  off  only  oxygen. 

S  166.  If  the  salt  under  examination  neither  effer* 
yesce  by  the  action  of  strong  sulphuric  acid,  nor 
belong  to  the  genera  of  nitrates,  sulphates,  or  iodates, 
it  is  one  of  the  twelve  last  in  the  list,  and  its  acid 
must  be  combined  with  potassa,  soda,  or  ammonia, 
•unless  already  united  to  either  of  these  bases,  (a)-^ 
For  this  purpose  dissolve  the  salt  in  water,  and  add  a 
solution  of  subcarbonate  of  potassa  or  soda  till  it  oc* 
casion  no  further  precipitate,  which  being  separated 
by  the  filter,  the  alkaline  salt  will  remain  in  solution; 
but  if  the  salt  be  insoluble  it  must  be  reduced  to  pow- 
der, and  boiled  with  8  or  10  parts  of  water,  and  2  or  3 
of  fixed  alkaline  sub-carbonate,  by  which  it  will  be 
wholly  or  partially  decomposed.  la  either  case  satu- 
rate the  filtered  liquor  with  acetic  acid,  and  evapo* 
rate  it  to  dryness  ;  then  heat  the  re«iduum  in  alcohol, 
which  will  dissolve  the  alkaline  acetate,  and  gene- 
rally leave  the  salt,  arising  from  the  combination  of 
the  alkali  with  the  acid  under  examination,  untouched. 
(b)  Thus  a  borate,  chromate,  &c.  of  potassa  or  soda, 
distinguished  by  the  following  characters,  will  be  ob- 
tained 3 — the  chromate^  the  only  one  of  these  salts  that 
h  coloured,  is  yellow ;  it  precipitates  acetate  of  lead 


(a)  The  sal^s  with  alkaline  baaes  are  soluble  in  water,  an4  their  solu« 
tion  it  not  precipitated  hj  alkaline  sub-carbonates. 

(k)  Should  th^  whole  residuum  be  toluble  in  alcohol  the  carbonate 
must  be  converted  into  a  sulphate  instead  of  an  acetate,  which  wiU  be 
insoluble  in  that  menstruum ;  but  care  must  be  taken  not  to  add  a^ 
excess  of  salphuric  acid,  lest  the  new  salt  be  decomposed.  The  alkaline 
k^r.h§$jtkit€4  are  probably  the  only  salts  under  consideration  soluble  in 
Icohol 


r 
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bright  yellow,  nitrate  of  silver  violet,  and  acid 
nitrate  of  mercury  red;  this  precipitate  yields  oxide 
-of  chrome  by  calcination.  If  nitric  or  hydrochloric 
acid  be  poured  into  a  concentrated  solution  of  a  borate^ 
the  acid  is  instantly  separated,  and  falls  down  in  the 
jform  of  small  scales  possessing  characteristic  proper- 
ties. (V404.) 

Sulphuric  acid  throws  down  molybdic  acid  in  form 
of  a  powder  from  the  solution  of  a  molij/bdate ;  a  plate 
of  tin  immersed  in  the  solution  turns  it  blue.--From 
the  solution  of  a  tungstate^  either  of  the  strong  acids 
occasions  a  white  flocculent  precipitate,  which  becomes 
yellow  by  the  action  of  boiling  acid,  and  is  wholly 
convejted  into  tungstic  acid.  An  arseniatCy  or  an 
arsenite,  mixed  with  half  its  weight  of  charcoal,  and 
heated  in  a  retort,  is  decomposed,  and  arsenic  disen- 
gaged, which  condenses  on  the  neck  of  the  vessel. — 
Those  salts  are  distinguished  from  each  other  as 
follows: — Arsenites  precipitate  sulphate  of  copper 
green,  nitric  acid  separates  a  white  powder  from 
them,  and  when  mixed  with  hydrosulphurA  of  potassa 
or  soda  and  an  acid,  orpiment  is  deposited.— ^r^ent- 
atet  precipitate  sulphate  of  copper  blueish  white,  and 
acids  and  hydrosulphurets  produce  no  sensible  change 
on  them,  at  least  for  the  space  of  some  minutes,  (a) 
Sulphuric,  nitric,  and  hydrochloric  acids  precipitate 
eolumbic  acid,  from  the  columbatesy  in  the  form  of  a 
white  powder.  (%  120.) 

The  pkosphatCy  pkospkitCy    and  hypophospkUe  of 


(a)  Nitrate  of  silver  is  the  readiest  test  to  distinguish  these  acids.— 
With  anematt  of  potassa  it  gives  a  brownish  red  precipitates  wit% 
§rimU  0|ie  of  an  orpiQient  yellow  colour. 


002  OF   THE   ANALTSU   OF  [%  166 

I 

Boda  maj  be  distinguished  as  fellows  :-««the  phosphate 
crystallizes  in  rhombs,  is  efflorescent,  and  insoluble 
in  aloohol ;  distilled  with  a  little  sulphuric  acid,  no 
hydl*uret  of  phosphorus  is  disengaged.  With  nitrate 
of  lead  it  gives  a  white  precipitate,  from  which  phos* 
pboric  acid  (whose  characters  are  already  stated^ 
§  105)  may  be  obtained  by  means  of  sulphuretted 
hydrogen  in  the  manner  following : — diffuse  the  phos- 
phate of  lead  through  twelve  or  fourteen  times  its 
weight  of  water,  and  pass  gradually  into  it  an  excess 
of  sulphuretted  hydrogen  gas ;  water  and  an  insoluble 
^ulphuret  of  lead  will  be  formed,  the  latter  felling 
down  in  dark  brown  flakes,  whilst  the  disengaged 
phosphoric  acid  will  remain  in  solution,  and  may  be 
obtained  by  filtering  and  evaporating  the  fluid. 

The  phosphite  o(  sods,  is  insoluble  in  alcohol ;  when 
boiled  with  an  excess  of  sulphuric  acid^  hydruret  of 
phosphorus  is  disengaged. — Heated  with  nitric  acid, 
the  salt  is  converted  into  phosphate,  and  red  fumes  of 
nitrous  acid  vapour  are  evolved. — The  excess  of  nitric 
acid  is  then  to  be  saturated  by  an  alkali,  after  which 
the  phosphoric  aeid  may  be  separated  by  nitrate  of 
lead,  &c.  in  the  manner  just  stated. 

Hi/pophosphite  of  soda  is  very  deliquescent,  very 
soluble  in  alcohol,  and  like  the  phosphite,  affords 
hydruret  of  phosphorus  by  the  action  of  sulphuric 
acid:  it  also  is  converted  into  phosphoric  acid  by 
nitric  acid. 

Antimoniate  of  potassa  is  a  white  powder  with  an 
acid  and  slightly  metallic  taste,  nearly  insoluble  in 
cold,  but  very  soluble  in  boiling  water ;  the  hot  solu« . 
tion  deposits  nothing  on  cooling,  it  becomes  syrupy 
by  evaporation,  and  a  very  lig^t  granular  powder 


jB£tp^T^tG9  from  it;  evaporated  to  dryaess  it  leaves  9, 
brittle  vrhite  enamel.  The  properties  of  antimonUe 
iff  potassa  are  very  skoil^r^ 

Seleniates, — Selenic  acid  is  expelled  from  its  combi-* 
:d9ations  by  the  strong  aud  very  fixed  acids,  as  the  suU 
j>h.uric,  phosphoric,  arsenic,  and  boracic,  but  it  takes 
silver  from  ixitric  acid,  and  lead  from  nitric  and  hy* 
jljlipchloric. — Ber;eelius  considers  its  affinity  for  bases 
as  about  equal,  or  perhaps  rather  inferior  to  that  of 
arsenic  acid  :  it  forn^s  only  sufa^salts  with  the  alkalies, 
.whiich  have,anfil]^line  taste.  All  the  neutral  seleniates 
,  formed  with  other  bases  are  insoluble,  or  very 
sparingly  soluble  in  water,  and  in  these  salts  the  oxy-* 
gen  in  the  acid  is  double  that  in  the  base,  for  100 
parts  of  selenic  acid  contain  28.7S  of  oxygen,  and 
neutralize  a  quantity  of  base  containing  14.37. — 
Seieaic  acid  also  forms  super-salts,  of  whi(sh  there  are 
two  degrees;  the  bisjeleniates  are  tery  soluble  in 
water,  apd  contain  twice  as  much  acid  as  the  neutral 
salts, — The  alkaline  biseleniates  have  acid  properties, 
and  there  is  np  intermediate  salt  between  these  and 
the  sub-salts. — The  quadriseleniates  contain  four 
times  as  much  acid  as  the  neutral  salts,  but  the  exist- 
ence  of  these  salts  is  not  so  fully  established  as  that  of 
.  the  former. -^The  seleniates  are  in  general  decoip* 

posed  by  a  moderate  heat .The  alkaline  seleniates, 

and  those  with  bases  of  the  alkaline  earths,  mixed 
with  charcoal  powder  and  heated  red,  are  decomposed 
without  detonation* — Carbonic  acid  and  oxide  of  cay- 
bon  are  formed,  and  some^  selenium  sublimes,  but  the 
greater  part  remains  united  to  the  base.  From  the 
other  earthy  seleniates,  similarly  treated,  all  the  sele- 
uiunx  fli^s  off  as  it  los^s  its  oxygen. — The  metallic. 
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seleniates  are  in  the  same  manner  reduced  to  the  state 
ofselenurets. 

To  ascertain  if  a  salt  be  a  seleniate^  it  will  be  suffix 
cient  to  treat  it  with  sulphuric  acid,  eraporate  to  dry- 
ness, and  heat  the  residuum  in  a  retort  over  a  spiriit 
laipp ;  the  selenium  will  sublime,  and  ei:hibit  the  ap« 
pearance  described  in  ^  38.  F. 

It  is  taken  for  granted  in  the  preceding  sections,  that 
the  salt  contains  a  mineral  acid,  which  is  easily  ascer- 
tained, prior  to  more  elaborate  experiments,  by  heat- 
ing a  small  portion  on  a  slip  of  platina  foil  in  the 
flame  of  a  spirit  lamp.  If  the  acid  belong  either  to 
the  vegetable  or  animal  kingdom,  it  will  blacken  and 
be  decomposed. 

^  167.  The  genus  being  ascertained  by  the  preced* 
ing  methods,  the  species  must  next  be  determined. 

If  a  salt  be  soluble  in  water,  and  neither  the  alka- 
lies, nor  alkaline  carbonates  nor  hydrosulphurets 
render  the.  solution  turbid,  its  baise  must  be  alkaline. 
If  ammonicij  it  will  disengage  a  pungent  odour  on 
being  mixed  with  powdered  quicklime  and  water; — if 
potassay  its  saturated  solution  will  precipitate  platina 
from  a  concentrated  solution  of  that  metal,  and  also 
give  a  precipitate  with  a  strong  solution  of  tartaric 
acid ; — if  soda^  it  will  neither  exhale  a  pungent  odour 
with  lime,  nor  give  a  precipitate  with  solution  or 
platina  or  tartaric  acid.— If  lithia  be  the  base,  it  will 
hflSve  no  action  on  solutions  of  platina,  nor  give  ai^ 
precipitate  with  tartaric  acid.  The  striking  chaiac- 
teristic  of  this  alkali,  is  the  great  fusibility  of  its  salts. 
The  sulphate,  nitrate,  and  hydrochlorate  fuse  below  a 
*  red  heat ; — the  carbonate  just  at  incipient  redness  ;— 
the  hydrochlorate  of  lithia  is  extremely  deliquescent, 
and  the  nitrate  also^  but  in  a  less  degree.    The  nitrate 
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and  hj'drochlorate  tijDge  the  flame  of  alcohol  of  a 
beautiful  crimson  colour,  not  unlike  that  afforded  bj 
the  salts  of  strontia,  but  it  is  seen  in  its  greatest 
splendour,  by  decomposing  acetate  of  lithia  in  a  small 
capsule  over  a  spirit  lamp ;  soon  after  the  salt  begins 
to  blacken,  it  takes  fire  and  bums  with  an  intensely 
deep  crimson  flame. 

If  the  alkalies,  their  carbonates,  or  hydrosulphufets 
occasion  a  precipitate  in  the.solution,  the  base  of  the 
sdt  under  examination  cannot  be  alkaline.  In  this 
ease  add  an  excess  of  alkali,  or  alkaline  carbo- 
nate, (a) 

If  the  salt  be  insoluble  reduce  it  to  fine  powder,  and 
boil  it  with  10  or  12  parts  of  water,  and  3  or  4  of 
tubcarbonate  of  potassa^  if  that  quantity  of  alkali  be 
not  sufficient  to  decompose  it  entirely,  decant  the 
liquor^  or  filter  it,  and  treat  the  remainder  with  a 
fresh  portion  of  alkali,  (b)  after  which  the  deposit 
which  the  salt  affords  must  be  washed  with  a  large 
quantity  of  water  and  collected*  This  deposit  is  the 
oxide  or  carbonate  sought ;  its  nature  must  be  deteri' 
mined  as  stated,  (^  74,  et  leq.)  e^Kcept  that  the  cwt* 
bonate  should  first  be  calcined  with  a  little  lamp-black 
at  a  red  heat,  in  a  small  retort,  to  disengage  the  base, 
and  ascertain  whether  it  be  soluble  in  water,  acrid, 
caustic,  or  alkaline,  that  is,  whether  it  be  barya, 
strontia,  or  lime.  These  three  alkaline  earths  aire 
easily  distinguished,  by  the  solutions  of  their  neutral 


(a)  A  carbonate  must  be  used  if  the  pure  alkali  do  not  render  the  lalt 
turbid,  or  an  excess  of  it  redissoWe  the  precipitate. 

(i)  It  will  seldom  happen  that  it  is  necessary  to  employ  sub-carbonate 
of  potassa  a  second  time.     The  decomposition  is  compleat  whence 
residuum  dissolves  with  effervescence  in  nitric  acid,  provided  ahray*- 
tkat  the  oxide  be  capable  of  combintsf  witl^  cwbonic  addu 


nitrates  or  hj^drocblorates  giving  nd  pl^€K*ipitate  with 
pore  ammonia  or  its  hydrosulpburet.  (a) 

The  salts  with  base  of  morphia  have  not  been 
noticed  in  the  preceding  sections ;  they  are  not  likelj^ 
to  be  often  met  with,  nor  have  thej  been  very  atteii^ 
tively  examined ;  it  will  be  right,  however,  to  subjbiiii 
a  short  account  of  their  general  leading  properties. 

Most  of  the  salts  of  mok*phia  sird  neutral,  arid  in 
that  state  are  all  soluble  in  water,  and  decomposable^ 
by  potassa,  soda,  and  ammonia,  which  precipitate 
morphia  from  their  solutions ;  a  red  heat  decomposes^ 
them  and  destroys  the  base.  They  have  a  strong^ 
action  on  the  animal  system,  but  not  so  violent  as 
tiiat  of  uncombined  morphia.  The  sulphate  of  mor- 
phia crystallizes  in  adendritical  form ;  the  hydrochio-* 
raie  assumes  a  plumose  appearance,  and  is  lesd  solu' 
ble  than  the  sulphate,  wh-ich  very  readily  dissolves  in 
water.  The  nitrate  crystallizes  in  prisms,  radiatiiig^^ 
from  a  common  centre ;  the  carbonate  in  short  prisms  $ 
the  acetate  and  tartrate  also  in  prisms,  and  the  sab* 
nyecoiiiate,  (the  state  in  which  it  is  found  in  nature, 
constituting  the  narcotic  principle,)  in  oblique  prisms. 
The  acetate  is  very  soluble  in  water,  the  subn>econi' 
ate  but  sparingly  so. 


{a)  The  decompontion  of  some  iosoluble  salts  by  the  alkaline  carboD" 
atesis  very  difficult,  but  they  are'all  acted  on  by  sulphuric  acid,  with 
which  their  bases  form  insoluble  salts,  and  -  these  sulphates  are  easHy 
decomposed  by  carbonate  of  potassa  ;  in  this  case,  therefore,  it  is  best 
to  convert  the  salt  into  a  sulphate.  By  not  dissolving  all  the  carbonate 
prodaced,  we  are  su»e  not  to  dissolve  any  portion  of  the  salt  we  wish  to 
decompose ;  it  will  remain  in  the  residuum  rather  than  the  carbonate. 
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DIVLSION  THE  SECOND. 

I 

To  determine  the  proportions  of  the  Elements  of  Salts^ 

%  168.  The  First  Process  is  by  synthesis,  or  tha 
4irect  combination  of  the  constituent  pr4ncjple&. 
Suppose  the  salt  in  question  to  be  sulphate  of  lime,  ov 
gyfsniQf  which,  as  well  as  its  base,  i»  sparingly 
soluble :  take  160  or  200  grains  of  pure  dry  quick 
lime,  slake  it  in  a  small  basin,  diffuse  it  through 
water,  and  add  by  degrees,  weak  sulphuric  acid, 
mtirring  the  mass  with  a  spatula ;  when  the  acid  is  in 
considerable  excess,  evaporate  the  whole  to  dryness^ 
and  calcine  the  sulphate  at  a  red  heat,  to  di*ive  off 
the  water  and  excess  of  acid :  then,  deducting  the 
weight  of  the  lime  from  that  of  the  sulphate,  the 
remainder  is  the  weight  of  the  acid  (a).  The  analysis 
of  the  sulphates  of  strontia,  magnesia  and  barya,  may 
be  made  in  the  same  manner  (&). 

Suppose  both  the  salt  and  its  elements  to  be  soluble, 
as  sulphate  of  ammonia;  take  two  weak  solutions,  one 
of  the  acid,  the  other  of  the  alkali,  containing  knowOr 
q^iaatities  of  real  acid  and  alkali,  and  ascertain,  by 
adding  the  alkali  cautiously  to  the  acid,  how  much  of 
it  is  necessary  to  neutralize  2000  or  3000  grains  of 
the  acid. 


(a)  It  is  necessary  to  add  an  excess  of  acid  to  the  lime,  otherwise  we 
cannot  be  sure  that  it  is  perfectly  neutralized,  on  account  of  the  pastj 
juass  which  it  forms. 

(i)  As  the  sulphate  of  magnesia  is  soluble,  merely  sufficient  acid  to 
^ssolve  the  magnesia,  need  be  added,  and  the  same  with  all  other  bases 
that  form  soluble  sulphates ;  if  the  sulphate  be  decomposed  by  heat> 
the  temperature  must  be  regulated  accordingly. 
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LasUj,  if  the  elements  of  the  salt  be  ^^eous,  as  is 
the  case' with  hydrochlorate  of  ammonia,  measure  a 
certain  volume  of  the  acid  gas  over  mercury,  and 
pass  ammoniacal  gas  to  it  by  degrees,  till  the  whole 
of  the  acid  is  absorbed*  In  this  manner  the  propor- 
tion in  which  the  two  gases  combine  is  easily  deter- 
mined^  and  from  it,  and  their  specific  gravities,  may 
be  calculated  the  weights  of  acid  and  base  in  the  salt. 

§  169.  Second  Process,  by  analysis. .  This  is  the 
reverse  of  the  former ;  it  consists  in  separating  the 
elements  of  the  salt  from  each  other,  and  finding  the 
weight  of  one  or  both.    - 

If  the  salt  be  not  decomposable  by  heat,  calcine  it, 
to  redness,  otherwise  it  must  be  dried  by  exposing  it 
to  the  temperature  of  boiling  water,  or  by  placing  it 
on  hot  sand  in  a  vacuum,  near  a  substance  having  a 
strong  attraction  for  water.  Most  of  the  oxides  are 
insoluble  in  water,  and  may  be  separated  from  their 
acid  by  the  alkalies,  provided  that  the  oxide  be  not 
soluble  in  excess  of  alkali,  nor  capable  of  absorbing 
carbonic  acid,  or  at  least  that  it  part  with  it  again  by 
beat,  without  undergoing  any  other  change.  Such 
are  the  bases  of  the  salts  of  magnesia,  alumina,  glu- 
cina^  yttria,  zircona,  the  tritoxide  of  iron,  deutoxide 
of  copper,  &c.  &c. 

As  most  oxides  are  insoluble  in  water,  so  all  the 
acids  on  the  contrary  are  soluble  in  that  fluid,  except 
the  tungstic,  columbic,  antimonic  and  antimonious; 
and  even  on  the  columbic,  water  has  a  decided  action. 
Consequently  no  acid  of  any  salt  can  be  insulated,  by 
precipitation  by  another  acid,  except  the  four  just 
mentioned  (a). 

(a)  Boracic  acid,  is^  indeed,  precipitated  from  A  coaceatrated  solucioa 
of  fubborate  of  aoda,  by  silphuric  acid. 
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-  There  are  few  acids  which  do  not  form  wifh  some 
base,  and  few  bases  which  do  not  form  with  some 
acid,  an  insoluble  salt.  Sulphate  of  soda,  and  hydro* 
chlorate  of  barja  may  be  quoted  as  instances.  Dis- 
solve a  certain  quantity  of  either  salt  in  water,  and 
add  to  it  a  solution  of  the  other  in  excess,  a  precipitate 
of  sulphate  of  barya  will  bQ  obtained,  containing  in 
one  case  all  the  acid  of  the  sulphate,  in  the  other  all 
the  barya  of  the  bydrochlorate.  Collect  the  precipi- 
tates, wash^  dry  and  calcine  them.  100  parts  of  sul* 
phate  of  barya,  contain  S4  of  sulphuric  acid,  and  66  of 
barya.    After  this  manner  many  salts  may  be  analysed. 

To  determine  the  iveight  of  a  weak  gaseous  acid,  not 
very  soluble  in  water,  put  the  salt  in  a  flask,  to  which 
a  spiral  tube  is  adapted,  and  add  to  it  a  sufficient 
quantity  of  nitric  acid,  of  the  specific  gravity  of  1.15 ; 
when  the  decomposition  is  compleat,  deduct  from  the 
sum  of  the  weights  of  the  flask,  the  acid,  and  the  salt, 
that  of  the  flask  and  its  remaining  contents;  the  loss 
of  w^ght  indicates  the  quantity  of  gaseous  acid  ex« 
polled.  The  proportion  of  carbonic  acid  in  the  car* 
bonates,  may  be  estimated  in  this  manner  (a). 
.  Lastly,  if  the  oxide  be  fixed,  and  undergo  no  change 
at  a  high  temperature,  or  such  only  as  can  be  taken 
account  of,  and  the  acid  or  its  elements  be  volatile, 
the  quantity  of  the  former  may  be  known,  by  simply 
calcining  the  salt  in  a  platina  crucible.  The  Acids 
and  oxides  of  the  greatest  part  of  the  nitrates,  nitrites, 
and  carbonates,  may  be  analysed  in  thia  manner. 

The  greater  pumber  of  salts   contain  water  of 
crystallization;  in  order  therefore  to  make  an  accurate 


(«)  The  tmall  qiantity  of  carbonic  acid|  which  remaini  in  solution, 
is  very  nearly  balanced  by  the  aqueous  vapour,  carried  off  with  the 
diseofagcd  portion,  if  a  great  excess  of  nitric  acid  be  avoided. 
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analysis' of  sucb,  the  quantity  of  water  mmt  be  ascer- 
tained, as  well  as  that  of  the  acid  and  base, '  If  the 
salt  be  not  decomposed-  by  high  temperatures,  it  is 
merely  necessary  to  heat  a  given  weight  of  it  to  red- 
ness, in  a  platina  crucible,  the  tare  of  which  has  been 
previously  accurately  taken,  and  ascertain  how  much 
it  loses  by  the  operation*  Care  must  betaken  that 
none  of  the  salt  be  lost  in  the  process,  either  by  boil-^ 
ing  up  over  the  sides  of  the  crucible,  as  will  be  likely 
to  happen  with  sulphate  of  soda  and  such  as  contaid 
a  yery  large  quantity  of  water  of  crystallisation,  or 
by  decrepitation,  as  with  the  sulphate  of  potassa,  or 
common  salt.  This  must  be  obviated  by  heating  them 
at  first,  very  gradually,  on  the  sand  bath,  or  by  steam; 
with  a  cover  adapted  to  the  crucible,  till  the  salt  is 
reduced  to  a  solid  state,  or  has  ceased  to  emit  any 
crackling  noise,  after  which  it  is  to  be  heated  red*  In 
all  cases  it  is  well  to  reduce  the  salt  if  it  ean  be  done^ 
to  a  fine  powder  and  to  expose  it  for  half  an  hour  oi^ 
longer  to  a  temperature  between  150^  and  200*,  in 
order  to  free  it  from  any  adhering  moisture,  and  bring 
it  to  a  standard  state  of  dryness. 
'  If  a  high  temperature  would  decompose  the  salt, 
destroying  or  volatilising  one  of  its  constituents,  the 
following  method  recommended  by  Dr.  Thomson,  may 
be  adopted. 

Suppose  the  salt  to  be  phosphate  or  tungstate  of 
ammonia,  ^^  Weigh  out  50  grains  of  it,  and  put  it  iiito 
a  small  retort.  This  retort  must  be  fitted  to  a  very 
small  receiver,  containing  a  saturated  solution  of 
caustic  potash.  Before  the  experiment  begins,  the 
retort,  and  likewise  the  receiver,  must  be  accurately 
weighed,  and  their  weights  noted  down.-  Heat  is 
then  gradually  applied  to  the  bottom  of  the  retort, 


till  the  salt  becomes  visibly  red  hot.  The  whole  is 
then  weighed  a  second  time.  The  loss  of  weight 
sustained  by  the  retort  is  equivalent  to  the  weight  of 
the  base  of  the  salt,  and  to  that  of  the  water  of 
crystallization  which  the  salt  contained.  The  receiver 
will  have  increased  in  weight,  and  the  increase  will 
be  JQst  equal  to  the  water  of  crystallization  of  the  salt. 

This  increase  solidtracted  from  the  loss  of  weight 
sustained  by  the  retort,  will  give  the  weight  of 
ammonia  which  the  salt  contained."  (Supplement 
Ency.  Brit.  vol.  iii.  page  506.) 

If  the  base  be  indestructible,  but  the  acid  incapable 
of  resisting  the  action  of  a  red  heat,  as  is  the  €Me 
with  acetate  of  potassa,  and  all  the  salts  with  vegetable 
or  animal  acids,  proceed  as  follows :  ^^  Mix  50  graiAsr 
of  the  salt,  acetate  of  potassa  for  instance,  with  an 
excess  6f  sulphuric  acid  in  a  platinum  crucible,  and 
expose  the  mixture  at  first  to  a  low  heat,  which  is.  to 
be  very  slowly  raised  till  the  crucible  is  heated 
intensely  red  hot.  The  heat  of  a  common  fire  will 
])ot  be  found  suiBcient  to  dissipate  the  excess  of  acid, 
unless  it  be  urged  by  a  pair  of  bellows.  By  this 
process,  the  acetate  of  potash  is  changed  into  sulphate 
of  potash.  Ascertain  the  weight  of  this  new  salt, 
•^ths  of  it  are  potash.  Thus  we  obtain  the  weight  of 
the  potash  contained  in  the  50  grains  of  acetate  of 
potash.  Let  this  weight  be  «==  ^.  Now,  the  weight 
of  an  atom  of  acetic  acid  is  47.8S,  that  of  potash  45. 
Hence  we  have  45  :  47.  82 ::  a  :  quantity  of  acetic  acid 
in  50  grains  of  acetate  of  potash  =:  x. 

From  this  proportion  we  obtain  x  =  47.82  a.    Now 

46 
it  is  obvious,  that  a/^x  is  the  amount  of  the  potftsh 
'and  acetic  acid  in  50  grains  of  acetate  of  potash.    If 

cr2 
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W6  subtract  this,  sum  from  50,  the  remainder  will  give 
us  the  water  of  crystallisation  contained  in  the  salt. 

"  Many  of  these  salts,  though  incapable  of  bearing 
1^  red  heat  without  decomposition,  may  be  exposed  to 
the  heat  of  boiling  water  without  injury «  And  in 
many  cases,  this  temperature  i^  sufficient  fo  remove 
Ihe  whole  or  nearly  the  whole  of  the  water  of  crystal- 
lization. Then  in  many  cases  this  method  may  be 
applied  with  success."  (Supplement  Eney.  Brit.  voL 
iii.  page  506.) 

^^  When  both  the  constituents  of  a  salt  are 
volatile,  and  when  it  cannot  be  (exposed  even  to  a 
moderate  heat  without  volatilization,  in  such  a  case 
we  are  unable  at  present  to  determine  the  water  of 
crystallization  directly.  Such  is  the  case  with  acetate 
of  ammonia.  But  even  in  this  case  we  are  not  with«' 
out  resource ;  though  the  only  method's  ivhich  can  be 
followed  require  uncommon  skill  and  every  possible 
precaution.  If  we  dissolve  the  acetate  of  ammonia  in 
water  and  add  potash  to  the  solution  (noting  the 
quantity)  till  we  have  just  driven  off  the  whole  of  the 
ammonia,  and  saturated  the  acetic  acid;-  knowing  the 
weight  of  potash  employed,  we  can  hence  determine 
the  weight  of  the  acetic  acid  saturated.  Knowing  the 
weight  of  acetic  acid,  we  can  deduce  from  the  table  of 
chemical  equivalents,  the  weight  of  ammonia  requisite 
to  saturate  it.  The  weight  of  the  acetic  acid  being 
added  to  that  of  the  ammonia,  atid  the  sum  subtracted 
from  that  of  the  original  quantity  of  acetate  of 
ammonia  experimented  on,  the  remainder  will  be  the 
weight  of  tBe  water  of  crystailization  which  that  "salt 
contains."     (tbid). 

§  170.  TAiVd  Proccw.— If  an  iodide,  chloride,  or 
sulphuret,  capable  of  decomposing  i^ater,  be  ihade  to 
«ct  on  that  fluid,  neutral  hydrochlorates,  &c.   are 
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formed,  the  oxygen  of  the  water  passing  to  the 
base,  and  Us  hj^drogen  to  the  other  element  of  the 
decomposing  compound.  Consequently,  if  the  com- 
position of  either  the  acid,  or  oxide  formed^  be  known, 
and  also  that  of  the  iodide,  the  composition  of  the 
neutral  salt,  may  be  thence  deduced;  since  for  every 
part  of  hydrogen,  denoted  by  unity,  which  combines^ 
with  the  iodine,  &c.  7.5  of  oxygen  must  unite  to  the 
base,  and  vice  versa.  This  process  is  clearly  applicable 
only  to  those  salts,  whose  acids  contain  hydrogen,  .(a)* 

§  171.  Fourth  Process. — The  iodates  of  potassa, 
soda,  lime,  iSrc,  and  most  of  the  chlorate^,  are  decom* 
posed  by  calcination ;  the  whole  of  the  oxygen,  both 
of  acid  and  base  flies  off,  leaving  an  iodide  or  chloride, 
corresponding  to  the  degree  of  oxidation  of  the  metal. 
The  loss  of  weight  therefore  will  give  the  quantity  of 
oxygen  contained  in  the  iodate,  &c.  and  hence  if  the 
composition  of  the  oxides,  and  of  the  iodic  and  chloric 
acids  be  known,  the  proportions  in  which  they  unite 
'  to  form  iodates  and  chlorates  will  be  easily  ascer- 
tained. 

For  example,  100  parts  of  iodate  of  potassa  give  off 
22.59  of  oxygen  at  a  red  heat,  and  77.41  parts  of 
iodide  of  potassium  remain,  containing  18.47  of  potas- 
sium, which  require  S.77  of  oxygen  to  become  potassa. 
The  oxide  therefore  in  this  case  contains  3.77  of 
oxygen,  and  the  acid  18.82.  Consequently  iodate  of 
potassa  is  composed  of 

Iodic  acid  /iodine    58.94 \     77.76 
Voxygen  18.82/ 

Potassa  /potassium  18.47\    23.24 
voxygen        3.77/ 


100.00 


{a)  Thenard  caUii  UMae  **  hydf acidi/V  and  tkfi§t  to^ttAtuaf  oty^m 
•*  oxacidf.** 
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The  same  method  is  applicable  to  the  analysb  o£ 
•everal  of  the  SAilphates,  and  generally  to  all  salts, 
whose  oxygen  being  compleatly  expelled  by  heat»  the 
remaining  elements  enter  into  fresh  union.  With  the 
sulphates  however,  the  addition  of  some  substance 
having  a  strong  attraction  for  oxygen,  as  charcoal, 
11  necessary  to  detach  it  from  its  previous  combi- 
nation. 

§  172.  Fifth  Process. — The  quantity  of  acid  in  all 
salts,  is  proportionate  to  the  quantity  of  oxygen  in 
their  bases  ;  hence  the  composition  of  the  oxides,  and 
of  one  salt  of  any  genus  being  known,  that  of  every 
other  species  of  the  same  genus  (being  equally  neu* 
tral)  may  be  determined  by  calculation.  For  instance, 
sulphate  of  copper  is  composed  of  100  acid,  and  100 
oxide,  and  the  oxide  contains  one*fiilh  of  its  weight  of 
oxygen;  consequently  all  the  other  sulphates  must  be 
composed  of  100  acid,  and  a  quantity  of  oxide  contain- 
ing to  parts  of  oxygen . 

§  172  bis.  Berzelius  analysed  seleniate  of  soda 
by  heating  the  4ry  salt  with  twice  its  weight  of  hydro- 
chlorate  of  ammonia,  'till  all  the  excess  of  the  latter, 
as  well  as  the  selenium  was  driven  off,  and  hydro- 
chlorate  of  soda  only  remained.  100  parts  of  sele- 
niate of  soda  which  had  been  exposed  to  a  strong  red 
heat,  and  reduced  to  powder,  afforded  by  this  method, 
66.6  of  hydrochlorate  of  soda,  equivalent  to  35.5  parts 
of  soda  :  therefore  100  parts  of  selenic  acid,  combine 
with  55  of  soda,  wftich  contain  14.11  of  oxygen;  a 
quantity  very  nearly  half  that  of  th'  oxygen  in  the 
acid« 

100  parts  of  biseleniate  of  soda,  deprived  by  a  gen- 
tle heat  of  their  water  ofx^rye^tallization,  gayeby.simi- 
•lar  treatment  with  hydrochlorate  of  ammonia,  41.66 
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of  hydrocblorate  of  soda,  equivalent  to  22.17  parts  of 
soda;  consequently  100  of  the  acid  combine  in  the  bi- 
salt  with  28.48  of  soda,  which  contain  7,5  of  oxygen; 
rather  more  than  half  the  quantity  found  in  the  expe- 
riment on  th^  seleniate. 

It  is  yerj  difficult  to  obtain  the  biseleniates  in  a  dry 
atate,  without  driving  off  a  portion  of  the  acid  with  tho 
w^ter.  .  ♦ 

'  ^  173,  In  concluding  this  part  of  the  subject,  I  may 
ren^ark^  that,  when  practicable,  the  result  of  one  pro- 
cess, should  be  confirmed  by  another  differently  con- 
ducted, ^nd  in  the  analysis  of  a  neutral  salt,  by  double 
decomposition,  the  quantities  of  the  new  products 
must  exactly  correspond  with  the  proportions  indi- 
cated by  the  elements  of  the  original  compound; 
otherwisie  the  analysis  is  obviously  incorrect-  This 
simple  test  of  the  accuracy  of  our  experiments,  we  owe 
to  M.  Richter,  who  first  observed  the  facts  that  have 
since  become  the  foundation  of  a  theory,  which  has 
rescued  chemistry  from  the  confusion  it  long  was  in- 
volved in,  and  has  almost  elevated  it  to  the  rank  of  a 
mathematical  science.    (Note  D.  Appendix.) 
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CHAPTER  THE  SIXTH. 


I        I 


Analysis  of  Mineral  Waters. 

\  174.  Waters,  which  contain  so  much  foreign  iiMt« 
ter,  as  to  have  a  sensible  taste,  and  a  decided  action 
on  the  animal  economy,  are  called  mineral.  Their 
temperature  varies  from  that  of  the  atmosphere,  to 
almost  a  boiling  heat ;  and  according  as  it  is  higher  0r 
lower,  they  have  received  the  denomination  of  thermal^ 
And  cold  springs.  It  is  not  our  business  to  enquire 
into  the  remote  causes  of  the  remarkable  phenomenon 
of  hot  springs,  but  that  it  must  depend  on  the  nature 
of  the  strata  the  waters  traverse,  from  their  source  to 
the  spot  whence  they  issue,  is  obvious. 

^  175*  The  Sttbstarices  hitherto*  found  in  minerajl 
waters  are, 

Oxygen.       .    •    •    .    Boracic  acid« 

Azote Sulphurous  acidt 

Carbonic  acid.        •     «    Silica* 
Sulphuretted  hydrogen.  Soda, 

Sulphates  of  soda,  ammonia,  lime,  magnesia,  alu- 
mina, potassa^  iron  and  copper. 

Nitrates  of  pbtassa,  lime  and  magnesia. 
'  Ifydrochlarates  of  potassa,   soda,  ammonia,  lime, 
magnesia,  alumina,  manganese  and  barya. 

Carbonates  of  potassa,  soda,  magnesia^  lime^  am« 
monia  and  iron* 

Htfdrosulphurets  of  soda  and  lime. 

Sub^borate  of  soda,  and  small  portions  of  vegetable 
and  animal  substances. 
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S  176.  Azote  aiid  oxygen  are  not  found  iii  waters 
of  a  high  temperature,  nor  the  latter  even  in  cold 
springs,  which  hold  faydrosulphurets  in  solution. 

Most  waters  contain  a  small  portion  of  carbonic 
acid ;  it  abounds  particularly  in  the  spaiiding  waters, 
as  those  of  Seltzer  and  Pyrmont,  which  contain  many 
times  their  bulk  of  that  gas. 

A  smell,  or  taste  of  rotten  eggs,  indicates  the  pre* 
sence  of  sulphuretted  hydrogen,  or  of  a  hydrosul- 
phuret.  Sulphurous  acid  is  found  in  some  waters  in 
the  neighbourhood  of  Y blcanos. 

Bbracic  acid  occurs  in  some  of  the  Italian  lakes. 

Silica  is  contained  in  the  waters  of  the  Guysers  and 
Rykum  in  Iceland,  in  those  of  Carlsbad,  and  in  som^ 
others. 

Soda  in  the  Guysers  and  at  Rykum* 

The  salts  of  most  frequent  occurrence  in  mineral 
waters,  are  the  sulphates,  hydrochlorates  and  carbo- 
nates of  soda,  lime  and  magnesia,  and  carbonate  of 
iron.  The  three  last  carbonates  are  generally  held 
in  solution  by  carbonic  acid.  Hydrochlorate  and  sul- 
phate of  ammonia,  sulphate  of  iron,  alum,  and  sul- 
phate of  copper,  the  nitrates  of  potassa  and  lime,  and 
borax,  are  rarely  found  in  them.  The  three  first,  like 
sulphurous  acid,  belong  to  some  of  those  in  the  neigh- 
bourhood of  Yolcanos ;  sulphate  of  copper  to  those 
which  flow  through  beds  of  co|t)per  pyrites,  and  borax 
to  some  of  the  lakes  of  India  and  Italy. 

Nitrate  of  magnesia,  hydrochlorate  and  carbonate  of 
potassa,  and  carbonate  of  ammonia  are  of  stiil  rarer 
occurrence,  if,  indeed,  ever  found  in  mineral  waters ; 
and,  although  Bergman  has  announced  the  existe  ice 
of  the  hydrochlorate  of  barya  and  manganese,  and  Dr. 
Withering  that  of  the  hydrochlorate  of  aluioina  in 
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vome  of  them,  the  accuracy  of  the  statement  is  ex- 
tremelj  questionable. 

§  177.  A  mineral  water  can  never  contain  all  the 
foregoing  substances  together ^  as  some  of  them  mutu- 
ally decompose  each  other ;  thus,  the  sub-carbonate  of 
soda  is  incompatible  with  the  sulphates,  nitrates,  and 
hydrochlorates  of  lime  and  magnesia:  indeed  more 
"than  eight  ingredients  ase  seldom  found  in  the  same 
water,  nor  does  it  often  contain  a  large  quantity  of 
any  one  of  them. 

S  178.  Mineral  waters  may  be  conveniently  divided 
into  four  classes,  according  to  the  ingredient  by  which 
their  properties  are  chiefly  influenced ;  namely,  hepa- 
tic, acidulous,  ferruginous,  and  saline;  and  some- 
times mixed  classes  must  be  admitted. 

The  nature  of  a  water,  and  most  of  the  substances  it 
tontains,  may  generally  be  ascertained  by  simple  trials; 
if  a  water  contain 

A.  SulpkureUed  hydrogen  without  a  hydrosulphuret, 
it  will  have  the  smell  of  rotten  eggs,  and  precipitate 
solutions  of  lead  black,  but  it  loses  both  these  proper- 
ties by  being  boiled. 

B.  A  hydrosulphuret  is  attended  with  the  same 
smell  as  sulphuretted  hydrogen,  but  weaker ;  it  also 
precipitates  solutions  of  lead  black  ;  but  heat  does  hot 
destroy  either  of  these  properties. 

C.  Carbonic  actcf.— Waters  containing  this  gas  ar» 
acidulous^  and  sometimes  sparkling;  they  redden 
litmus  faintly  when  fre^h,  but  boiling  destroys  that 
property,  and  disengages  a  gas,  which,  passed  into 
lime  water,  occasions  a  precipitate  of  carbonate  of 
lime,  soluble  with  effervescence  in  very  dilute  nitric 
acid. 

D.  Sulphates  form  vith  nitrate  or  bydrochlorate 
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tyf  barya  a  white  precipitate,  insoluble  in  an  excess  of 
acid, 

E.  Mydrochlorates  produce  a  white  flocculent  pre* 
cipitate  with  nitrate  of  silver,  insoluble  in  nitric  acid, 
bat  soluble  in  ammonia. 

F.  Carbonates  of  mqgnesiaj  lime^  or  iron, — Waters 
containing  these  salts  become  turbid  by  boiling ;  the 
carbonic  acid  which  holds  those  substanciss  in  solution 
being  driven  off.  If  the  precipitate  be  white,  proba« 
blj  no, metallic  oxide  is  present. 

G.  Carbonate  of  iron;  with  the  recent  water  prus<- 
fiiate  of  potassa  gives  a  blue  precipitate,  and  tinoture 
of  galls  a  purple  one,  which,  by  standing  ejtposed  to 
the  air,  becomes  black.  If  the*  water  be  boiled  a  yel- 
lowish red  precipitate  is  thrown  down,  and  the  pre- 
ceding test/s  cease  to  produce  any  effect  on  it. 

H.  Sulphate  of  iron* — The  action  of  prussiate  of 
potassa,  or  galls,  is  not  suspended  by  boiling  the 
water. 

I.  Carbonate  of  soda,  or  potassa. — If  a  water  con* 
tain^  either  of  these  alkalies  it  will  turn  syrup  of 
Tiolets  green  after  being  boiled,  at  least  when  suffici- 
ently concentrated,  and  if  then  filtered,  and  an  acid 
be  poured  into  the  clear  fluid,  carbonic  acid  gas  will 
be  given  off,  though  perhaps  it  may  be  necessary  to 
heat  the  water  to  render  it  evident,  as,  if  the  carbonate 
be  in  very  minute  quantity,  the  gas  may  be  retained 
in  solution  by  the  cold  fluid. 

.  K.  Ca/car^oti^.sa//^.— Oxalate  of  ammonia  throws 
down  a  white  precipitate  from  the  recent  water,  if  anj 
sailt,  with  base  of  lime,  be  present ;  but  if  the  water 
contain  only  carbonate  of  lime  the  test  will  have  no 
effect  after  boiling :  with  all  the  qthers  the  effect  is 
permanent. 
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L. '  Magnesian  saUs^  not  carbonates. -^BoSL  and  filter 
the  water,  an()  let  it  cool ;  to  the  clear  liquid  add  bi* 
<;arbonate  of  ammonia ;  filter,  if  necessary,  and  boil 
Again.-~If  a  sulphate  or  hydrochlorate  of  magnesia  be 
present  the  second  boiling  will  produce  a  second  pre- 
cipitate ;  or,  after  the  bi-carbonate|  instead  of  boiling, 
add  phosphate  of  soda,  which  will  throw  down  a 
precipitate  of  the  ammoniaco-magnesian  phosphate ; 
if  this  precipitate  be  sufiered  to  subside  to  the  bottom 
of  the  basin,  and  it  be. rubbed  with  the  point  of  a  glass 
rod  with  some  force,  traces  will  be  left  on  the  glass 
not  easily  effaced. — Pure  amimonia  also  renders  soluf 
tipns  of  magnesian  salts  turbid. 

M.  Aluminous  JoAf.— Ammonia  throws  down  a 
bulky  gelatinous  precipitate,  soluble  both  in  sulphuric 
acid,  and  in  caustic  potassa,  which  contracts  extremely 
on  drying,  and  cracks  in  all  directions.  If  a.  ifew 
drops  of  a  solution  of  potassa  be  added  to  the  acid  so- 
lution, octohedral  crystals  of  alum  will  be  obtained, 
by  slow  evaporation*    « 

N.  Salts  of  copp^n-^Ammonia  gives  the  water  a 
blue  tinge ;  and  a  plate  of  iron  immersed  in  it  is  very 
soon  covered  with  a  coat  of  copper. 

O.  Ammpniacal  saltSf  not  carhonotes.  —  A  water 
containing  these  salts  leaves  a  residuum  after  evapo- 
ration, which  evolves  the  pungent  odour  of  ammonia 
on  being  mixed  with  .quick  lime. 

P.  Sulphurous  acid. — Watei-s  holding  this  acid  in 
solution  have  generally  the  smell  of  burning  sulphur; 
they  redden  litmus^  and  deposit  sulphur  by  the  action 
of  sulphuretted  hydrogen.  When. distilled  they  yield 
an  acid  product,  which,  if  neutralized  by  soda,  and 
exposed  to  the  air,  acquires  the  property,  of  giving  sb 
precipitate  with  nitrate  of  barya  insoluble  in  nitric  acid. 
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Q.  Cdrbonate  of  ammoma<-^These  waters  yield  an 
alkaline  product  by  distillation. 

R,  Nitrates. — If  a  solution  of  potassa  be  ponred 
into  the  water,  till  no  /brther  precipitate  fells  down, 
tod  the  liquor  filtered  and  evaporated,  a  residuum 
will  be  obtained  which  scintillates  when  thrown  on 
burning  coals,  like  nitre. 

When  the  substances  contained  in  a  mineral  water 
are  in  very  minute  quantity,  it  may  be  necessary  to 
concentrate  it  considerably  by  evaporation,  to  render 
the  effect  of  the  reagents  Sensible. 

^  179*  Only  a  small  number  of  the  preliminary 
f rials  enumerated  above  will  be  neceftsary  to  ascertain 
the  nature  of  any  particular  water.-— The  following 
method  is  of  general  application.  It  consists  in  first 
collecting  the  gases,  and  next  the  solid  matter  con- 
tained in  the  water :  the  latter  is  then  to  be  divided 
into  three  portions ;  the  first  contains  all  the  substan- 
ces very  soluble  in  water ;  the  second,  those  soluble 
in  alcohol,  and  the  third,  those  insoluble  in  bpth.*— 
Thus,  an  otherwise  complicated  analysis,  is  rendered 
simple  and  easy. 

To  collect  the,  Gases. 

%  ISO.  For  the  quantity  of  azote  and  oxygen^ 
Hdapt  a  bent  tube  to  a  flask  and  fill  both  with  water; 
pass  the  end  of  the  tube  under  a  jar  full  of  and  in- 
verted over  mercury,  and  heat  the  water  till  it  boils, 
and  all  the  gas  is  evolved. — A  little  caustic  potassa, 
Or  soda,  should  be  passed  up  into,  the  jar  to  absorb 
any  carbonic  acid  or  sulphuretted  hydrogen  the  water 
may  contain ;  but  the  alkali  must  not  be  introduced, 
till  after  the  gas  is  collected,  if  the  water  be  sulphu'* 
rous,  as  th^  hydrosulphuret  of  potassa  or  soda  would 


282  OF   TUB   ANlLYilS   OF  [^  I8l 

be.  liable  to  absorb  a  portion  of  the  oxygen  gas,  if  left 
long  in  contact  with  it.  Having  thus  obtained  tte 
whole  of  these  gases,  their  respective  quantities  must 
be  determined  by  analysis.  (§28  A.) 

Mineral  waters  seldom  eontaiii  so  mueh  oxygen  i^«f 
axote  as  coramoQ  water. 

m 

%  181.  To  ascertain  the  quantity  of  carbonic  acid/ 
to  a  matrass  capable  of  holding  about  500  cubic' 
inches,  adapt  a  glass  tube,  so  bent  as  to  pass  to  the 
bottom  of  a  jar,  containing  a  mixture  of  ammcmia 
and  hydrochlorate  of  lime,  and  through  the  cork 
which  closes  the  mouth  of  the  jar  insert  another  bent 
tube,  whose  opposite  extremity  must  be  immersed  io 
water.  Fill  three  fourths  of  the  matras6  with  the 
minerul  water,  secure  all  the  joints  with  cement  or 
lute,  and  heat  it  gradually  till  it  boils,  and  continue 
the  ebullition  till  the  whole  of  the  j;a8  has  passed  over 
into  the  alkaline  liquor.  The  carbonic  acid  will  first 
unite  with  the  ammonia,  and  the  carbonate  thus 
formed  will  then  decompose  the  hydrochlorate  of  lime^ 
and  a  precipitate  of  carbonate  of  lime  will  fall  down; 
This  must  be  carefully  collected  and  dried,  and  from 
its  weight  that  of  the  carbonic  acid,  and  consequ^tly 
its  volume  is  obtained:  100  parts  of  carbonate  of  lime 
indicate  43.7  parts  of  carbonic  acid,  and  100  cubic 
ijiches  of  the  gas  weigh  at  the  mean  temperature  and 
pressure  46.57  grs.    (a)  (b)    If  the  water  .containf 


[a)  The  objection  to  this  method  it  the  enormous  quantity  of  water 
require4  to  aiTord  a  suiHcient  portion  of  carbonate  of  lime.  Very  ae» 
curate  results  may  be  obtained,  by  simply  receiving  the  gas  over  meSf 
cury,  if  the  process  be  carefully  conducted!  in  that  case  a  pint  of  t^e 
water,  and  even  le$s  will  be  quite  sufficient. 

(Jb)  If  the  water  contain  any  carbonates  it  is  probable  that  they  may 
\>t\n  the  state  of  bi-carllbnatcs,  especially  if  th€^  xyater  contain  uucoi»-' 


S 183}  miTERAit  yrktBtin.  22S 

siUphitroiis  acid  add  a  little  acetate  of  lime  before  it  ia 
heated ;  it  would  otherwise  be  partly  volatilized,  and 
a  portion  of  insoluble  sulphite  of  lime  be  mixed  with 
the  carbonate. 

§  182.  The  quantity  of  sulphuretted  hydrogen  may 
be  ascertained  by  a  similar  process,  substituting 
acetate  of  lead  for  the  ammonia  and  hydrochlorata  of 
lime ;  sulphuret  of  lead  will  be  formed  and  precipitated 
in  black  flakes ;  but  the  carbonic  acid,  if  any,  will 
remain  free :  100  parts  of  sulphuret  of  lead  contain 
86^  of  lead  and  13.4  of  sulphur,  and  100  cubic  inches 
of  sulphuretted  hydrogen  gas,  at  mean  pressure  and 
temperature.  Weigh  36  grains ;  it  is  easy,  therefore, 
from  the  weight  of  the  sulphuret  to  find  the  quantity 
of  gas.  (a) 

The  two  processes  just  dracribed,  must  of  necessity 
be  adopted,  when  a  water  contains  both  carbonic  acid) 
and  sulphui^tted  hydrogen;  but  if  it  contain  only 
one  of  them,  it  is  more  simple  to  fill  four-fifths  of  a 
flask  with  it,  and  adapt  a  bent  tube  to  its  neck,  which 
must  pass  under  a  mercurial  jar,  and  boil  the  water 
for  two  or  three  minutes:  all  the  air  and  carbonic 
acid,  or  sulphuretted  hydrogen,  with  a  small  portion 
of  water,  will  pass  into  the  jar,  and  being  measured, 


bined  carbonic  acid;  and  since  these  give  off  half  their  acid  at  212*, 
part  of  the  gas  may  be  derived  from  that  source.  This  will  be  atcei  tained 
by  comparing  the  quantity  of  carbonic  acid  gas  evolved,  with  that  of 
the  carbonate  obtained  in  the  course  of  analysis :  (§  186.  C)  the  bi-car* 
bonates  contain  twice  as  much  carbonic  acid  as  the  carbonates. 

{a)  The  hydrosulphurets  give  off  sulphuretted  hydrogen  by  heat,  but 
k  is  easily  to  know  if  a  water  contain  only  sulphuretted  hydrogen,  by- 
its  not  exhaling  the  peculiar  fetid  odour  of  tliat  g::s,  on  adding  hydroch-i 
loric  acid  to  a  portion  of  it»  that  has  been  boiled;  whereas,  if  a  liydro- 
Milphuret  be  present,  it  will  be  abundantly  sensible. 
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niay  be  separated  bj  caustic  potassa,  which  will  absorb 
the  acid  gas,  but  hare  no  actioa  on  the  common  air< 
The  condensed  aqueous  vapour,  will  indeed  retain  a 
small  portion  of  the  carbonic  acid,  or  sulphuretted 
hydrog«en,  of  which  it  will  be  easy  to  tahe  account ; 
for  water  at  the  mean  barometrical  pressure,  and 
temperature  of  68^  Fahrenheit,  dissolves  a  volume  of 
carbonic  acid  equal  to  itself  in  bulk ;  and  under  the 
same  pressure,  and  at  a  temperature  of  58^,  it  dis- 
solves three  times  its  volume  of  sulphuretted  hydrogen. 
Agitate  the  water  in  the  jar,  therefore,  as  the  case 
may  be,  with  the  proper  quantity  of  either  gas,  and 
from  the  whole  quantity  which  pure  water  would, 
dissolve,  under  the  same  circumstances,  deduct  that 
actually  absorbed;  the  difTerence  will  indicate  the 
quantity  already  held  in  solution  by  the  condensed 
vapour. 

§  183.  Sulphurous  Acid  is  very  rarely  found  in 
mineral  waters ;  but  if  met  with,  it  must  be  converted 
by  chlorine  into  sulphuric  acid,  precipitated  by  nitrate 
of  barya,  and  the  sulphate  collected,  washed,  dried^ 
and  calcined.  100  parts  of  this  salt  represent  S7.5  of 
sulphurous  acid  by  weight :  if  a  water  also  contain 
sulphuric  acid,  or  a  sulphate,  a  second  portion,  to 
which  no  chlorine  has  been  added,  must  likewise  be 
treated  With  nitrate  of  barya,  and  the  weight  of  this 
precipitate  deducted  from  the  former.  100  parts  of 
sulphate  of  barya  contain  34  of  sulphuric  acid. 

S  184.  Subcarhonate  of  Ammonia  is  as  seldom  found 
in  mineral  waters  as  sulphurous  acid.  Its  quantity 
may  be  ascertained  by  distilling  a  portion  of  the  water, 
condensing  the  vapour  in  a  receiver  containing  a 
little  hydrochloric  acid,  and  evaporating  the  liquid  to 
dryness.     The  quantity  of  hydrochlorate  of  ammonia 
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obtained^  will  give  that  of  the  carbonate :  100  parts 

of  the  former  indicate  73.5  of  the  latter* 

.   ■  ■  .  -'      .    ' 

Separation  of  the  solid  ingredients  (a)* 

^  185.  Evaporate  a  sufficient  measured  quantity  df 
the  water,  in  a  tinned  copper  vessel,  'till  it  is  reduced 
^o  about  a  pint ;  then  transfer  the  concentrated  liquid 
to  a  porcelain  basin,  (taking  care. to  scrape  off  any 
6olid<matter  that  may  adhere  to  the  sides  of  the  cop- 
per vessel,  and  to  rinse  it  with  distilled  water),  and 
continue  the  evaporation  to  dryness.  Having  thus 
obtained  two  or  three  hundred  grains  of  the  residuum, 
proceed  as  follows  :  ' 

^  186.  A.  Boil  a  certain  quantity  (100  grains  for 
instance),  previously  well  dried  at  a  temperature  not 
exceeding  212^,  with  sevien  or  eight  times  its  weight 
of  distilled  water,  for  a  few  minutes,  and  if  turbid, 
filter  the  liquid ;  wash  the  filter,  and  dry  and  weigh 
the  insoluble  matter  remaining  on  it. 

B.  Evaporate  the  aqueous  solution  to  dryness; 
weigh  the  residuum,  and  digest  it  in  successive  por*> 
tions  of  alcohol,  of  the  specific  gravity  of  .835,  with  a 
gentle  heat;  filter. the  liquor,  and  wash  the  filter  re- 
peatedly with  alcohol;  evaporate  the  spirit  and  dry 
and  weigh  the  residuum. 

The  fixed  ingredients  will  thus  be  separated  into 
three  portions.  Their  nature  and  the  means  of  sepa* 
rating  them,,  must  now  be  considered. 

C.  The  insoluble  portion  may  contain  the  carbo* 
nates  of  lime,  magnesia,  and  iron,  sulphate  of  lime  and 
silica.    Dissolve  the  carbonates  in  a  very  slight  excess 


(a)  If  the  water  contaia  a  hydroLgulphurct,  the  mode  of  operating 
Will  be  different.  ($'  192.  C.) 
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of  weak  hydrochloric  acid,  and  separate  the  undis* 
solved  portion  by  the  filter.  To  the  filtered  liquid 
add  first  a  considerable  excess  of  acid,  and  then  am- 
monia to  precipitate  the  oxide  of  iron,  the  weight  of 
which,  when  drie.d  and  ignited,  will  giye  that  of  the 
carbonate  of  iron.  Next  add  sub-carbonate  of  soda 
to  the  ammoniacal  liquor,  which  will  throw  down  the 
lime  and  magnesia- in  the  state  of  carbonates;  they 
roust  be  collected  and  washed,  converted  into  sul* 
phates,  and  separated  as  mentioned  (§  87);  their 
weights  will  indicate  the  quantity  of  their  bases  re- 
spectively, and  consequently  that  of  each  of  the  car- 
bonates. 

The  sulphate  of  lim^,  and  the  silica^  may  be  sepa- 
rated by  sub-ckrbonate  of  potassa  and  hydrochloric 
acid;  The  alkalr  will  decompose  the  sulphate  of 
lime,  and  the  acid  dissolve  the  carbonate  which  is 
formed,  whilst  the  silica  will  remain  untouched.  Ti»e 
sulphate  of  lime  may  then  be  reproduced,  by  again 
separating  the  earth  by  sub«carbonate  of  potassa,  Or 
soda,  and  combiniikg  the  precipitate  with  sulphuric 
acid. 

D.  The  bydrochlorates  and  nitrates  of  lime  and 
magnesia,  soda,  hydrosulphuret  of  soda,  hydrochlorate 
of  ammonia,  and  common  salt,  are  the  only  substances, 
soluble  in  alcohol,  likely  to  be  present  in  a  mineral 
water;  and  of  the  two  latter  alcohol  dissolves  but  a- 
very  small  quantity.  Soda,  which,  as  well  as  hydro- 
chlorate  of  aminonia,  is  of  very  rare  occurrence  in 
mineral  waters,  is  incompatible  with  magnesian  and 
calcareous  salts,  and  with  hydroclilorate  of  ammonia ; 
so  that  it  cao  only  be  found  in  the  alcoholic  solution, 
associated  with  the  hydrochlorate  or  hydrosulphuret 
of  soda:  consequently,  when  a  mineral  water  contains 
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no  sulphuretted  hjdrogen,  which  is  always  easijty 
known,  and  is  most  frequently  the  case,  the  portion 
soluble  in  alcohol  will  probably  consist  only  of  the 
hydroclilorates  and  nitrates  of  lime  and  magnesia,  and 
hydroehlorate  of  soda.  Dissolve  the  salts  in  water, 
•«id  add  an  excess  of  subcarbonate  of  ammonia,  to 
^precipitate  the  lime  and  magivesia,  in  the  state  of 
-carbonates^  whilst  their  acids  will  remain  in  solution, 
combined  with  the  ammoqia.  A  small  portion  of 
jBflignesia  will  probably  remain  not  precipitated;  to 
separate  which,  add  a  little  phosphoric  acid ;  an  im- 
mediate precipitation  of  ammoniaco-magnesian  phos- 
phate will  ensue.  The  carbonates  and  phosphates 
must  be  collected  on  separate  filters  and  washed,  and 
the  quantities  of  lime  and  magnesia  of  the  carbonates 
ascertained  by  sulphuric  acid  {%  87),  and  that  of  the 
magnesia,  contained  in  the  phosphate,  by  calcination. 
100  parts  of  calcined  phosphate  of  magnesia,  contain 
40  of  magnesia.  Next  evaporate  the  liquid  containing 
the  con^mon  salt,  the  hydroehlorate,  nitrate,  and  car- 
bonate of  ammonia  that  was  added  in  excess,  to  dry- 
ness, and  introduce  the  residuum  into  a  small  retort, 
from  the  neck  of  which  a  bent  tube  must  pass  under, 
mnd  rise  to  the  top  of  a  receiver  full  of,  and  inverted 
over  mercury.  Heat  the  retort  ^adually;  the  nitrate  > 
of  ammonia  will  be  decomposed  into  water  and  oxide 
of  azote,  and  the  gas  collected  in  the  receiver,  and, 
since  as  much  gas  will  re-enter  the  retort  on  cooling, 
as  was  expelled  by  the  heat,  what  remains  in  the 
receiver  will  exactly  represent  the  quantity  of  oxide 
of  azote,  supposing  the  temperature  and  pressure  not 
to  have  varied  during  the  operation.  When  the 
nitrate  of  ammonia  is  compleatly  decomposed,  that  is 
whaa  no  more  gas  is  disengaged,  the  retort  must  be 

p  2 
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broken,  and  tb^  hydrochlprates  of  soda  and  ammonia 
collected.  Weigb  and  calcine  thera  at  a  low  red  beat^ 
in  a  platina  or  silvier  crucible,  to  drive  off  tbe  volatile 
salt,  whose  quantity  will  be  indicated  by  the  weight 
lost  in  the  operation ;'  which,  deducted  from  the  whole 
weight,  leaves  that  of  the  common  salt*  The  quan« 
tity  of  acid  in  the  hydrochlorates  of  lime  and  magnesia, 
will  then  be  ascertained  from  that  of  the  hydrochlorate 
of  ammonia,  and  the  volume  of  oxide  of  azote,  will 
give  the  quantity  of  the  nitric  acid  (a)«    From  tliese 


(a)  There  is  a  radical  error  in  this  analpis,  in  the  method  directed 
for  ascertaining  the  proportion  of  the  nitrates,  by  decomposing  the 
nitrate  of  ammonia  by  heat.  When  a  mixture  of  nitrate  and  hydttt- 
ehlorate  of  ammonia*  is  exposed  in  a  retort  to  a  heat  sufficient  (o 
decompose  the  nitrate,  a  mutual  action  takes  place  between  the  two 
salts,  and  a  gasepus  mixture,  containing  a  large  quantity  of  chlorine,  is 
obtained :  as  is  evident,  both  from  its  peculiar  odour,  from  its  action 
on  mercury,  and  from  its  power  to  discharge  vegetable  colours..  I  have 
not  examined  the  composition  of  the  gas  evolved,  but  it  is  clear  that 
the  acid  of  the  hydrochlorate  must  be  decomposed,  and  conseq^uently 
the  process  defective.  Did  its  decomposition  not  take  place,  it  would 
be  difficult  to  prevent  some  of  the  hydrochlorate  from  being  volatilized 
in  the  operation. 

Perhaps  the  following  scheme  may  be  found  more  practicable  for  the 
analysis  of  the  compound  in  question. 

To  the  solution  of  the  hydrochlorates  and  nitrates  of  lime  and  mag-' 
nesia,  and  hydrochlorate  of  soda,  add  cautiously,  drop  by  drop,  acetate 
of  silver,  'till  no  further  precipitate  ens«es,  avoiding  as  much  as-  possi^ 
ble,  any  excess  of  the  precipitant.  The  whole  of  the  hydrochloric  acid 
will  thus  be  separated,  and  there  will  remain  in  solution,  the  acetates  of 
lime,  magnesia,  and  soda,  and  the  nitrates  of  lime  and  magnesia.  Evapo- 
rate to  dryness,  by  a  gentle  heat,  taking  care  not  to  decompose '  the 
acetates  by  too  high  a  temperature.  Digest  the  dry  mass  in  rather  lesf 
than  twice  its  weight  of  cold  alcohol  of  the  specific  gravity .  at  least  of 
.850,  or  better  if  even  .820.  This  will  dissolve  the  acetates  and  nitrates 
of  lime  and  magnesia,  and  leave  the  acetate  of  soda.  Decanb  off  the 
aicoi|oltc  solutionsi  wash  the  residuum  with  fresh  adcohol,  and  add  tke 
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several  data;  ^nd  from  the  quantities  of  lime  and  mag- 
nesia, which  are  alreadj^  known,  it  will  not  be  difficult 
to  estimate  the  respective  proportions  of  the  calcareous 
and  magnesian  hydrochlorates  and  nitrates. 
100  parts  of  nitric  acid  saturate  52*5  lime 

•« • 36.5  magnesia - 

100  parts  of  hydrochloric  acid  saturate  1  OS.     lime 

• •     .     .    •    72.3  magnesia 


washings  to  the  decanted  portion.    The  acetate  of  soda  may  then  be 
converted  into  sabcarbonate  by  a  red  heat,  and  weighed. 

Distill  off  the  alcohol  from  the  dissolved  salts,  redissolve  them  in 
water,  and  to  the  solution  add  subcarbonate  of  potassa,  avoiding  un- 
necessary excess :  this  will  throw  down  the  lime  and  magnesia  in  the 
state  of  carbonates,  and  leave  in  solution  acetate  and  nitrate  of  potassa 
and  a  small  portion  of  carbonate  o^  potassa.  Separate  the  precipitates 
evaporate  the  solution  again  to  dryness,  and  boil  the  residuum  in  aU 
cohol  of  .820,  which  will  dissolve  the  acetate  of  potassa,  and  leave  the 
nitrate  and  sub-carbonate.  Separate  the  spirituous  solution,  and  distill 
it  to  dryness,  and  convert  the  sub-carbonate  of  potassa  into  acetate,  by 
pure  weak  acetous  acid.  A  repetition  of  the  action  of  alcohol,  of  the 
same  specific  gravity  as  the  forn^er,  will  then  separate  the  acetate,,  an^ 
the  nitrate  of  potassa  will  be  left  ipsulated.  By  the  first  process  We 
^et- chloride  of  silver,  from  whence  the  whole  quantity  of  hydrochloric 
acid  is  obtained ;  by  the  setond  sub-carbonate  of  soda,  which  denotes 
the  quantity  bf  acid  in  the  hydrochlorate  of  soda :  by  the  third,  the! 
carbonates  of  lime  and  magnesia,  whence  we  learn  the  weight  of  those, 
bases ;  and  from  the  weight  of  the  nitrate  of  potassa  of  the  last  process, 
we  find  the  quantity  of  nitric  acid.  From  these, data  the  proportions 
of  the  several  salts  in  the  mixture  may  be  estimated. 

100  chloride  of  silver,  are  equivalent  to  %5A6  hydrochloric  aeid 
loo  nitrate  of  potassa       .        •        ^      52.88  nitric  acid 
100  subcarbonate  of  soda         •        -      110.    common  salt 

or         -        •      68.7    hydrochloric  add 
100  carbonate  of  lime     «        -        •      56.      lime 
IQO      -        •        magneiia      -        ^       47.      magnesia 

The  quantities  of  lime  and  magnesia,  which  saturate  equal  portion 
#f  hydrochloric  and  nitric  acidsy  are  given  above. 
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100  parts  of  hydrocMorate  of  ammonm,  contain  51 
fcydrochloric  acid ;  100  cubic  inches  of  oxide  of-azote 
weigh,  46.125  grains  ;  and  100  parts  by  weight,  of  the 
oxide,  indicate  133.17  parts  of  nitric  acid. 

Instead  of  treating  the  whole  solution  (after  the 
separation  of  the  lime  and  magnesia,  by  sub-carbonate 
of  ammonia)  in  the  manner  just  mentioned,  a  moiety 
of  it  may  be  submitted  to  a  different  process,  as  fol* 
lows : 

Digest  the  solution,  freed,  from  the  carbonate  of 
ammonia  by  boiling,  on  phosphate  of  silver  in  excess : 
chloride  of  silver,  and  phosphates  of  soda  and  am- 
monia will  be  formed.  The  two  last  salts  will  remain 
in  solution,  with  the  nitrate  of  ammonia;  but  the 
chloride  of  silver,  with  the  excess  of  phosphate  of 
silver  fall  down. 

Nitric  acid  will  take  up  the  latter,  and  leave  the 
cliloride,  whose  weight  may  then  be  ascertained. 
Next  pour  sub-carbonate  of  soda  in^to  the  filtered 
liquor,  in  order  to  convert  the  phosphate  and  nitrate  of 
ammonia,  into  phosphate  and  nitrate  of  soda ;  then 
evaporate  to  dryness,  and  heat  the  residuum  with 
alcohol  of  the  specific  gravity  of  0.850,  which  will  dis- 
solve the  nitrate  of  soda,  but  have  no  action  on  the 
other  salts.  The  quantity  of  dry  nitrate  of  soda,  will 
give  that  of  the  nitric  acid,  and  the  quantity  of  chlo^ 
ride  of -silver,  that  of  the  hydro"chloric  acid  of  the 
hydrochlorates  of  soda,  lime  und  magnesia;  and  since 
the  quantity  of  common  salt»  and  consequently  that  of 
its  acid,  is  already  known  by  the  first  process,  deduct- 
ing the  latter  from  the  whole  quantity  of  hydrochloric 
acid,  the  quantity  of  the  acid  of  the  hydrochlorates  of 
Ihne  and  magnesia^  is  obtained. 
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By  thus  raryingf  the  proeeg^es,  the^  qtfantiticis  of 
the  nitric  and  hydrochloric  acids  are  obtained  in 
different  ivays,  and  the  results,  if  they- harmonize, 
entitled  to  the  greater  confidence. 

S  187.  The  substances  soluble  in  water  only,  are 
more  numerous  ths^n  the  preceding ;  they  amount  to 
13,  namely ;  the  sulpbates  of  soda,  magnesia,  ammo- 
nia, iron  and  copper,  and  alum  ;  njtrate  of  potassa, 
the  hjrdrochlorates  of  potassa  and  soda ;  the  sub-bo- 
rate  of  soda  and  boracic  acid,  (a) 

^  188.  The  sulphates  o(  magnesia,  ammonia,  iron, 
and  copper,  and  the  hydrocfalorates  and  carbonates  of 
potassa  and  soda  are  known  by  the  characters  already 
described,  (^  178.)  Sulphate  of  soda,  nitrate  of  pot- 
assa, boracic  acid,  and  alum,  by  solution  in  water  and 
crystallization,  (b)  and  borax  by  sulphuric  acid  pre« 
cipitating  boracic  acid,  from  a  concentrated  solution 
of  that  salt 

§  189.  The  sulphates  of  ammonia,  iron  and  cop- 
per, alum,  nitrate,  hydrochlorate  and  carbonate  of 
potassa,  borax  ^d  boracic  acid,  are  very  rarely  found 
tn  mineral  waters,  and  carbonate  of  soda  6r  potassa^ 


(a)  Although  common  salt  has  been  classed  with  the  substances  solo^ 
ble  in  alcohol  it  isdiecessary  to  place  it  also  with  those  insoluble  in  that 
agent,  which  takes  up  so  small  a  portion  that  it  commonly  makes  part 
of  both  classes, 

(B)  Nitrate  of  potassa  is  distinguished  from  all  the  rest  by  scintilla- 
ting when  thrown  on  r^d  hot  charcoal ;  boracic  acid  by  the  beautiful 
green  colour  it  imparts  to  the  flame  of  burning  alcohol ;  and  alum,  by 
ammonia  throwing  down  its  alumina.  The  form  of  the  crystals  of  sul- 
phate of  soda  is  a  six-sided  prism^  with  dihedral  summits  ;  that  of  nitre, 
»  six-sided  prism,  terminated  by  six^ided  pyrsftnids.  Boracic  acid  cry»« 
tallizes  in  thin  hexagonal  plat^,  and  alum  in  regular  octohedra.        # 
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is  incompatible  with  sulphate  of.  copper  and  free  b6« 
racic  acid.  Thus  the  sulphates  of  soda  and  magne- 
sia, common  salt  and  carbonate  of  soda,  are  almost 
the  on]  J  substances  of  this  class  likely  to  be  met  with  ^> 
moreover,  only  three  of  them  can  exist  together,  for 
sulphate  of  magnesia  and  carbonate  of  soda  mutually 
decompose  each  other.  .        . 

§  190.     Suppose,  first,  there  be  no  sulphate  of  mag-^ 
nesisi  in  the  water;  treat  the  mixture  with  successive, 
portions  of  alcohol  of  the  specific  gravity  of  0*875, ; 
which  \^ill  dissolve  all  the  common  salt ;  then,  adding 
acetic  acid  to  the  sulphate  and  carbonate  of  soda,  the* 
latter  will  be  converted  into  an  acetate,  soluble  ia 
alcohol,  and  thus  easily  separated  from  the  sulphate  ;  • 
— the  quantity  of  acetate  will .  give  that  of  the  car-% ; 
bonate. 

§  lOli     Secondly,  suppose  there  be  no  carbonate  of. 
soda  present ;  the  sea  salt  is  to  be  separated,  as  before^ 
by  alcohol ;  ^hen  dissolve  the  residuum  ia  "water  and 
add  hydrochlorate  of  barya  till  it  produces  no  furtlier 
precipitate,  taking  great  care  not  to  add  it  in  excess.  ^ 
The  sulphates  of  Qoda  and  magnesi^  will  be  decom«- : 
posed,  insoluble  sulphate  of  barya  will  fall  down,.and 
the  hydrochlorates  of  soda  and,  magnesia  remain  in 
solution,  Evaporate  the  liquid  to  dryness,  and  calcine 
the  residuum  in  a  platina  crucible  at  a  rqd  heah   The 
hydrochlorate  of  magnesia  will  thus  be  deprived  of 
its  acid,  and  the  comippn  salt  may  be  separated  from 
the  magnesia  by  water.     100  parts  of  common  salt 
are  equivalent  to  33.25  of  soda.     From  the  quantities 
of  soda  and  mas^nesia,  the  quantities  of  their  sulphates^ 
may  be  estimated,  and  the  weight  of  the  sulphuric 
aci4  fropi  that  of  the  sulphate  of  bar^a/ 
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^193.  If  a  mineral  'water  contain  a  hydrosulplitt* 
ret,  (a) 

A.  Collect  the  gases,  as  stated,  (^  180.) 

B.  Tlie  carbonates  of  lime  and  magnesia,  the  sul-* 
phate  of  lime,  and  the  silica  must  also  be  separated 
by  the  usual  methods,  except  that  it  is  better  to  eva- 
porate the  water  in  a  retort  thain  in  a  basin,  to  prevent 
the  action  of  the  air  on  the  hydrosulphuret. 

C.  To  ascertain  the  quantity  of  the  hjdrosulphuret 
(or,  more  properly,  sulphuretted  hydrosulphuret)  jn« 
troduce  the  water  into  a  tubulated  retort,  having  a 
tube  of  safety  fitted  to  the  tubulure,  and  a  common 
tube  to  its  neck,  which  must  pass  into  a  flask  contain- 
ing acetate  of  lead ;  pour  acetic  acid  into  the  water 
through  the  tube  of  safety,  and  heat  it  gradually  tili 
it  boils.  The  hydrosulphuret  will  be  decomposed; 
its  sulphuretted  hydrogen  will  pass^nto  the  flask  and 
produce  sulphuret  of  lead,  and  the  sulphur  that  was 
united  with  the  hydrosulphuret  will  be  precipitated.-.— 
From  the  weight  of  the  sulphuret  we  obtain  that  of 
the  sulphuretted  hydrogen,  and  from  the  weight  of 
the  latter  and  the  sulphur,  that  of  the  sulphuretted 
hydro-sulphuret.  (b)  (c) — 100  of  lead  combine  with 
15.5  of  sulphur,  and  15  of  sulphur  with  1  of  hydro* . 
^en.     The   sulphuretted  bydrosulphurets  (hydrogu- 


(a)  The  hydrosulpKuret  is  never  pure,  it  is  always  more  or  less  sid* 
phuretted. 

(h)  It  would  be  better,  and  it  is  sometimes  possiWe,  to  determine  the 
quantity  of  the  base  of  the  sulphuretted  hydro-sulphuret  in  a  direct 
manner,  than  to  deduce  it  from  the  weight  of  the  sulphuretted  hydrogKA 
and  the  sulphur,  particularly  as  the  latter  is  difficult  to  collect. 

(r)  This  process  supposes  the  water  to  contain  no  free  sulphuretted 
hydrogen ;  if  that  be  the  case,  which  will  be  known  bj  its  sandl,  it 
foitft  ^st  bf;  driven  off  by  a  ^ntle  he^C* 
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retted  sulpharets)  are  probably  formed  of  t wa  atoms 
of  sniphur,  one  of  hydrogen,  and  one  of  base ;  thus^ 
if  it  be  the  sulphuretted  hydrosulphuret  of  soda,  (or 
more  properly  of  sodium^)  its  composition  would  be 
sodiam  S8,  sulphur  30,  hydrogen  1=^53. 

D.  The  quantity  of  carbonate  of  soda  may  be  de- 
termined by  a  similar  process.  After  boiling  the 
water,  to  throw  4own  the  insoluble  carbonates,  filter 
and  treat  it  with  hydrochloric  acid,  in  an  apparatus 
like  that  mentioned  §  181,*  containing  a  solution  of 
ammonia  and  hydrpchlorate  of  lime,  in  the  manner 
there  directed ;  from  the  weight  of  the  carbonate  of 
lime  that  of  the  alkaline  salt  will  be  deduced. — 100 
parts  of  carbonate  of  lime  are  equivalent  to  105.5 
parts  of  sub-carbonate  of  soda,  deprived  of  its  ^ater 
by  a  red  heat,  and  to  168  parts  of  the  crystallized ' 
bi-carbonate. 

£.  It  remains  to  consider  bow  the  other  substances 
are  to  be  separated.  If  carbonate  of  soda  be  present 
the  wdter  can  contain  besides,  only  the  carbonates  of 
lime  and  magnesia,  silica,  hydrosulphuret  of  soda, 
and  other  salts  with  base  of  that  alkali.  In  that  case 
add  an  excess  of  acetic  acid  and  evaporate  to  dryness^ 
calcine  the  residuum  at  a  red  heat,  affuse  water  on  it, 
and  filter  the  liquor.  The  soda  of  the  carbonate  and 
hydrosulphuret,  and  the  other  salts  (generally  only 
sulphate  and  hydrochlorate  of  soda)  will  be  dissolved. 

To  the  solution  add  sub-carbonate  of  ammonia  to 
convert  the  soda  completely  into  sub -carbonate,  and 
boil  the  liquid  to  drive  off  the  eiicess  of  the  volatile 
carbonate,  and  then  proceed  to  ascertain  the  quan- 
tities of  sea  salt  and  sulphate  of  soda^  by  alcohol  and 
acetic  acid,  as  directed^  (§  190.)  At  the  same  time 
the  quantity  of  a(:etate  muftt  be  ascertained^  which 


wSl  give  that  of  the  soda,  and  the  quantities  of  car- 
tM>nic  acid  and  sulphuretted  hydrdgen  those  of  the 
h;dro<^Bulphuret  and  sub-carbonate. 

F.     If  no  carb(Miate  of  soda  be  present,  a  mineral 
water   may  contain, 'in  addition  to  the  substances 
mentioned  in  the  last  paragraph,  the  sulphates,  hy- 
drochlorates  and  nitrates  of  lime  and  magnesia.     In 
ibis  case,  agitate  it  with  an  excess  of  chloride  of  mer- 
cury (calomel)  which  will  decompose  the  hydrosul- 
phuret  and  an  insoluble*  19ack*sulphuret  of  mercury, 
and  hydroohlorate  of  lime  or  soda,  according  as  the 
sulphuretted  hydrogen  was  united  to  one  or  other  of 
those  two  bases,  will  be^  formed.     To  complete  the 
analysis,  observe  the  directions  contained  in  the  sec- 
tions  185,  et  seq. ;  but,  from   the  quantity  of  hy- 
drochlorate  obtained,  must  be  deducted  that  which 
arises  from  the  action  of  the  hydrosulphuret  on  the 
chloride  of  mercury.    For  this  purpose,  take  a  fresh 
{portion  pf  the  water,  add  nitric  acid,  and  boil  it  to 
expel  the  sulphuretted  hydrogen ;  then  filter  and  drop 
in  an  excess  of  sulphate  of  silver,  (a)    The  weight 
of  the  chloride  of  silver  that  will  be  formed  will  indi- 
cate the  real  quantity  of  the  acid  contained  in  the 
water,  whence  that  arising  from  the  calomel  may  be 
estimated.     Since  the  sum  of  the  two  quantities  has 
been  given  by  the  first  experiment,  and  the  quantity 
of  acid  derived  from  the  chloride  is  also  known,  the 
quantity  of  base  which  saturactes  it  is  likewise  ob- 
tained.   The  quantity  of  hydrosulphuret  will  likewise 
be  found  from  the  same  data,  as  it  is  the  result  of  the 
unipn  of  that  base  with  the  sulphuretted  hydrogen. 


(a)  A$  a  sulphate  may  be  prf9ca^  this  is  preferable  tQ  aitrate  qt 
silver.  ^ 
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^  193.  In  all  cases  it  is  right  in  the  first  instance 
to  devote  a  portion  of  the  water  to  an  inquiry  into 
the  nature  of  its  contents  before  the  more  perfect 
mialysis  is  undertaken. 

Most  chemists  have  had  occasion  to  employ  them* 
selves  in  the  analysis  of  mineral  waters,  but  Bergman 
and  Kirwan  alone  have  given  general  dissertations  on 
the  subject.  The  work  of  the  former  is  of  the  date  of 
1778,  and  Kirwan%  of  1799,  Both,  deserve  praise* 
The  reader  will  ,find  the  method  of  analysis  adopted  by 
Kirwan  in  the  third  volume  of  Dr.  Thomson's  System 
of  Chemistry,  fifth  edition,  in  which  and  in  Dr.  Henry's 
Elements  of  Experimental  Chemistry  much  useful 
infi>rniation  on  the  subject  is  contained.  Saunders^s 
Treatise  on  Mineral  Waters  and  the  work  of  M.  Bouil- 
lon Lagrange,  on  natural  and  artificial  mineral  waters^ 

published  in  1810^  knay  also  be  consulted  with  advan* 
tage. 

In<  addition  to  the  preceding  directions  of  my  author, 

an  example  of  the  actual  analysis  of  a  mineral  water, 

cannot  fail  to  be  extremely  useful  to  the  student  in 

this  intricate  and  difficult  part  of  our  subject.    And 

I  know  none  better  calculated  for  the  purpose  than 

the  ingenious  and  accurate  one  of  the  celebrated  Bath 

water,  by  my  friend  Mr.  Richard  Phillips,  in  which  it 

will  be  seen  how  attentively  the  phenomena  produced 

by  the  different  re-agents  must  be  observed,  and  how 

cautiously  the  inferences   they  appear  to  lead   tp;^ 

i^dopted. 
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,  Analysis  of  the  Mot  Springs  at  Bdth^  bijf 

.    Mr.  R.  PMUips. 

,  The  nature  of  the  country  round  Bath,  amd  other 
local  circumstances,  have  been  so  fully  described  by 
those  who  have  given  chemical  examinations  of  the 
waters  of  the  hot  springs  at  that  place,  that  anj 
farther  description  appears  unnecessary. 

As  to  the  cause  of  the  heat  of  these  springs,  we  have 
90  few  data  from  which  to  reason,  that  I  shall  not 
t)ffer  even  a  conjecture  on  the  subject. 

These  waters  have  been  frequently  analysed.  They 
have  merited  the  attention  they  have  received,  not 
only  from  their  early  and  extensive  employment  in  the 
cure  of  diseases,  but  tilso  on  account  of  some  peculiar 
changes  to  which  they  are  subject.  Of  these  the 
explanations  have  been  so  various  as  to  show  that 
th^  require  still  further  examination. 

Of  the  sensible  properties  exhibited  by  these  waters 
ihe  most  remarkiable  is  their  high  temperature,  the 
degree  of  which  varies  considerably  at  their  different 
sources.  At  the  hot  bath  it  is  117^;  at  the  king^s 
bath  114**;  and  at  the  cross  bath  109°.  This  statemetit 
does  not  exactly  agree  with  what  has  been  usually 
given  as  their  temperature.  These  results  were 
obtained  by  pumping  the  water  upon  the  bulb  of  a 
thermometer  till  the  mercury  ceased  to  rise.  Their 
taste  is  metallic,  but  not  strongly  or  disagreeably  so; 
this  has  not  been  universally  allowed:  but  if  they  are 
drank  hot,  this  impression  i^  readily  disting\]ishable. 

Their  specific  gravity  is  1.062  at  each  of  the  s^prings; 
and  as  the  effects  produced  by  chemical  tests  are  also 
perfectly  similar,  they  may  be  considered  as  derived 
from  one  source^  the  temperature  varying  by  their 
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more  or  less  circuitous  passage  to  the  sur&ce.  For 
the  purpose  of  analysis  the  water  .of  the  kill's  bath 
has  been  usually  employed;  and  although,  it  does  not 
.appear  to  be  a  matter  of  much  impiortanc^,  I  have 
followed  the  usual  practice. 

Before  the  experiments  made  upon  the  water,  are 
related,  it  will  be  necessary  to  state  those  employed 
to  ascertain  the  properties  of  the  gas,  which  rises  in 
^eat  quantity  through  the  water  in  the  king's  bath. 

This  gas  is  perfectly  free  from  smelL 

A.  Some  of  the  gas  was  received  into  a  jar.  A 
lighted  taper  put  into  it  was  immediately  extin* 
guished. 

B.  Received  into  lime  water,  it  caused  an  imme* 
diate  precipitation. 

C.  Tincture  of  litmus  suffered  no  change  of  colour 
by  agitation  with  the  gats. 

D.  The  colour  of  dilute  tincture  of  turmeric  and 
tincture  of  galls  was  destroyed  by  it.     ' 

From  these  effects  the  gas  appears  to  consist  prin^ 
cipally  of  azotic  gas  with  a  small  portion  of  carbonie 
acid  gas.  To  ascertain  the  quantity  of  each,  and 
whether  any  oxygen  gas  was  present,  the  following 
experiments  were  performed: 

£«  One  hundred  measures  of  the  gas  were  strqngly 
agitated  with  barytes  water  in  a  graduated  tube.  A 
considerable  precipitate  was  deposited,  and  five  mea»- 
sures  were  absorbed. 

F.  One  measure  of  deutoxide  of  azote  was  added 
to  an  equal  quantity  of  the  gas  in  an  eudiometer  in 
the  water  apparatus.  The  mixed  gases  underwent  no 
alteration  of  colour  nor  diminution  of  volume. 
,  G.  One  hundred  measures  of  the  gas  which  had 
been  deprived  of  carbonic  acid  by  barytes  water  were 
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submitted  to  the  action  of  solution  of  protoinuriate  of* 
iron  impregnated  with  deutoxide  of  azote.    No  ab- 
sorption took  place. 
This  gas,  therefore,  consists  of, 

\ 

Carbonic  acid  gas   ...      5 
Azotic  gas     •    •     •    .     .    95 

100 


V 

I  now  proceeded  to  try  whether  the  water  hei^ 
dither  of  these  gases  in  solution. 

H.  Ten  ounces  6f  the  water  which  had  been  cooled 
in  a  well'closed  bottle,  were  put  Into  a  vessel  furnish-' 
ed  with  a  bent  tube;  the  water  was  boiled  for  about 
twenty  minutes,  and  the  gas  evolved  from  the  water 
and  the  air  of  the  tube,  except  a  quantify  too  small  lb 
be  estimated,  were  received  in  a  graduated  jar  over 
mercury.  Solution  of  potash  absorbed  three-fourths 
of  an  inch  of  this  gas,  which  was  carbonic  acid. 

I.  The  unabsorbed  gas  was  transferred  to  the  wiiter 
apparatus,  and  tried  in  the  usual  way  with  deutoxide 
of  azote.  The  mean  result  of  comparative  experi- 
ments upon  it  and  atmospheric  air,  showed  that  it  was 
merely  the  air  of  the  vessel,  and  that  no  azotic  gas 
was  held  in  solution  by  the  water. 

As  ten  ounces  of  the  water  gave  -75  of  an  inch  of 
carbonic  acid,  one  quart  would  furnish  3.4.  This 
quantity  is  not  quite  exact,  it  being  scarcely  possible 
to  obtain  the  whole  of  the  carbonic  acid  by  ebullitioa* 
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-Effects  of  ^Atmospheric  Air*  and  Re-agents. 

K.  Some  of  the  water,  while  hot,  having  been  «x« 
posed  in  a  vessel  of  broad  surihce  to  the  atmosphere^ 
, afforded  in  a  few  hours  a  small  quantity  of  a  white 
precipitate;  but  water  which  had  -been  cooled  in  a 
dose  vessel  remained  perfectly  transparent  after  several 
weeks  exposure  to  the  air. 

The  re-agents  added  to  the  water  while  hot,  and 
the  effects  (Produced  by  them  were  the  following : 

li.  Acetate  of  lead, — a  perfectly  white  precipitate. 

M.  Tincture  of  litmus, — no  alteration  of  colour. 

N.  Tincture  of  turmeric, — no  change  indicating  the 
presence  of  uncombined  alkali;  its  colour  immediately 
destroyed. 

O.  Lime  water, — a  white  precipitate. 

P.  Potash, — awhite precipitate. 

Q.  Carbonate  of  potash,.fi-a  white  precipitate. 

.R.  Some  of  the  water  was  boiled  with  a  little  nitric 
acid, — potash  added  to  this  gave  no  precipitate. 

S.  Oxalate  of  ammdnia,— -a  precipitate. 

T.  Nitrate  of  barytes,  a  precipitate  insoluble  ih 
nitric  acid. 

U.  Nitrate  of  silver,— a  white  precipitate  insoluble 
in  nitric  acid. 

V.  Solution  of  sulphuretted  hydrogen,-*— no  precis 
pitate  nor  change  of  colour;  the  water  became  yery 
slightly  turbid. 

W.  Prussiateof  potash,— no  immediate  effect:  after 
some  weeks  the  water  became  slightly  green. 

X.  Tincture  of  galls,— immediately  a  peach-blossom 
red  colour,  and  very  soon  a  precipitate  which  became 
dark  purple  by  exposure  to  the  air. 
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AH  the  above  effects  are  also  produced  after  the 
water  has  been  cooled,  excepting  that  the  colour  of 
tincture  of  turmeric  is  not  then  destroyed,  and,  under 
tome  circumstances,  no  red  colour  occurs  upon  the 
addition  of  tincture  of  galls. 

Y.  A  quantity  of  the  water  was  «vaporate4  to  dry- 
ness, and  distilled  water  added  to  the  residuum. 
Nitrate  of  lime  poured  into  the  solution  afforded  a 
crystalline  precipitate  in  a  few  hours,  indicating  the^ 
presence  of  an  alkaline  sulphate. 

I  shall  now  state  the  inferences  to  be  deduced  from 
these  experiments* 

Carbonic  acid  exists  in  this  water  (BE).  A  consi- 
derable  portion  of  it  escapes  at  the  high  temperature 
at  which  the  water  is  obtained,  its  evolution  occasion- 
.ingthe  precipitation  of  some  substance  which  it  held  in 
solution  (K). 

From  Experiment  (L)  it  is  evident  that  no  sulphu* 
retted  hydrogen  gas  is  present. 

As  no  alteration  of  colour  is  ^effected  upon  tincture 
ef  litmus  by  the  carbonic  acid  (M),  it  is  evident  that 
this  acid  is  present  only  in  sufficient  quantity  to  disw 
«olve  the  substance  precipitated  by  its  evolution. 

The  destruction  of  the  colour  of  tiuicture  of  turmeric 
(N)  is  clearly  occasioned  by  the  gas  during  its  passage 
through  the,  water  (D). 

The  effect  produced  in  experiment  (O)  is  owing  to 
the  formation  of  carbonate  of  lime,  and  the  precipi- 
tation of  it  and  of  the  substance  previously  dissolved 
l^j  carbonic  acid  (K). 

A  part  of  the  precipitate  obtained  by  adding  potash 
(P)  must  have  been  similar  to  th^t  of  experiment 
(K),  and  to  a  portion  of  that  of  experiment  (O),  pro« 
f^uced  in  (P)  and  (O)  by  combining  the  solvent  car- 
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bonic  acid  instead  of  expelling  it  as  in  experiment  (K). 
The  precipitate  was  carbonate  of  lime,  or  of  magnesia^ 
or  both  g 

'  As  earthy  carbonates  are  not  precipitable  l)y  alkaline 
carbonates^  the  precipitate  formed  by  carbonate  of 
potash  (Q)  indicates  the  presence  of  some  other 
earthy  salt. ' 

From  experiment  (R)  it  appears  that  no  alumina  nor 
ftoagnesia  exists  in  the  water,  and  that  the  priecipitate 
obtained  in  experiment  (K)  was  carbonate  of  lime.* 
'  Experiment  (S)  determines  the  presence  of  Hide. 

Experiment  (T)  shows  that  sulphuric  acid  exists  in 
the  water. 

The  effect,  produced  by  nitrate  of  silver  (U)  reMiIt# 
from  the  action  of  muriat'ic  acid. 

As  no  metallic  oxide  discoverable  by  stilphwetted 
hydrogen^  was  suspected,  the  appearance  it  prcNluced 
(V)  was  supposed  to  be  derived  from  its  action  upon 
carbonate  of  lime.  This  was  ascertained  to  be  th« 
ease  by  direct  experiment. 

As  the  prussiate  of  potash  employed  in  experiment 
(W)  contains  oxide  of  iron  as  one  of  its  consituents, 
it  was  imagined  that  the  slight  greenness  which  wa^ 
assumed  by  the  water  nkight  be  occasioned  by  the 
action  of  the  carbonic  acid,,  notwithstanding  its  hold^ 
in^  carbonate  of  lime  in  solution,  this  effect  being 
Easily  produced  by  the  application  of  the  stronger 
dcids.  A  small  quantity  of  the  triple  prussiate  Mfoa 
therefore  added  to  a  solution  of  carbonate  of  lime  in 
carbonic  acid :  after  a  considerable  time  it  acquired  ^ 
green  colour  exactly  similar  to  that  observed  to  ex- 
periment (W).  Dr.  Palconer  has  indeed  stated  that 
a  blue  colour  is  to  be  obtained  by  the  action  of  priis* 
^iate  t>f  potash  upon  the  water^;  butj  as  it  did  not 


Meur  till  after  the  addition  of  sulpKurie  acid,  it  ia 
evident  that  this  effect  was  produced  by  the  action  of 
tbe  acid  upon  the  oxide  of  iron  of  the  prussiate. 

Although  the'presence  of  oxide  of  iron  is  not  at  all 
indicated  by  prussiate  of  potash,  (probably  oh  accoont 
of  the  smallhess  of  its  quantity,)  yet  it  is  evident  from 
the  action  of  tincture  of  gaUs  (X)  that  a  minute  por- 
tion of  it  actually  exists  in  the  water ;  the  light 
eolour  of  the  recent  precipitate,  and  its  becoming 
darker  by  eoniactwith  atmospheric  air,  showing  that 
it  is  in  the  state  of  protoxide*  In  making  this  experU 
Aient  it  is  requisite  to  use  a  very  small  quantity  of  the 
tincture  of  galls ;  for,  if  much  more  than  five  drops 
of  it  are  added  to  one  ounce  of  the  water,  no  indica- 
tion of  oxide  of  iron  is  produced,  the  water  becoming 
of  a  light  reddish  brown  colour,  and  affording  no 
precipitate*  An  excess  of  this  tincture  re-acts  upon 
tike  compound  of  vegetable  matter  and  oxide  of  iron 
so  completely  as  to  prevent  the  appearances  readily 
presented  by  a  small  quantity. 

From  the  well-known  laws  of  chemical  affinity  it  is 
evident  that  the  oxide  of  iron  is  combined  with  car« 
bonic  acid ;  this  compound  undergoing  some  curious 
changes,  which  have  occasioned  much  discussion. 

It  has  been  observed,  that  one  of  the  most  active  • 
tests  of  oxide  of  iron  does  not  in  this  water  produce 
any  appearance  of  ita  presence ;  and  the  slight  metal-* 
lie  taste  which  it  communicates  when  Bot  and  fresli 
has  been  unnoticed  by  some  analysts.  This  taste  ia 
lost  by  cooling,  even  in  well-stopped  bottles;  and 
every  method  which  I  have  tried  to  restore  it  has  been 
unsuccessful.  It  has  also  been  mentioned  that  the 
nation  of  tincture  of  galls  is  in  some  cases  lost ;'  and 
this  fact  has  occasioned  most  discussion  respecting  the 
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oxide  of  iron;  The  foMowilig  experiments  will  show 
under  what  circumstances  this  occurs* 

a.  Albout  one  pint  of  the  water  was  exposed^  while 
hot^  to  the  atmosphere  in  a  vessel  of  broad  surfice*; — 
After  it  had  remained  about  16  hours,  a  ^mall  qu|in-«. 
tity  of  carbonate  of  lime  wdls  deposited  by  the  evolu- 
tion of  carbonic  acid  gas.  The  precipitate  was  per* 
fectly  white,  and  bad  not  the  slightest  appearance  of 
containing  oxide  of  iron.  To  this  water  tincture  of 
galls  was  added  without  occasioning  the  least  altera- 
tion of  colour* 

i  As  the  quantity- of , oxide  of  iron  in  the  water 
ia  evidently  extremely,  small,  it  may  be  imagined  that 
it  was  precipitated  with  the  carbonate  of  lime,  but 
escaped  observation  from  the  minuteness  of  the  quan- 
tity. To  obviate  this  objection,  some  of  the  water 
was  closely  stopped  in  a  vial  for  four  or.  five  days : 
upon  examination  it  was  found  to  possess  its  transpa« 
r.ency  perfectly,  &nd  without  having  afforded  any  pre- 
cipitate ;  to  some  of  this,  tincture  of  galls  was  added 
without  producing  the  slightest  indication  of  oxide  of 
iron. 

.,  c.  Some  of  the  water  which  had  been  cooled  so  as 
to  retain  its  transparency,  was  heated  to  its  original 
temperature;  tincture,  of  galls  was  then  added,  but 
without  producing  any  effect. 

.  The  facts  exhibited  in  experiments  (£)  and  (c)  have 
been  long  known,  and  have  given  rise  to  an  idea  that 
Jthe  iron  is  volatilized.  Although  this  opinion  is  in- 
compatible with  facts  already  mentioned,  yet  it  may 
fiot  be  amiss  to  show  more  particularly  that  it  is  com- 
pletely erroneous.  As  it  cajinot  be  imagined  that  the 
jtemperature  of  the  water  is  sufficient  to  volatilize 
iuere  oxide  of  iron,  the  existence  of  some  substance 
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capable  of  dirqrhig  it  off  must  have  been  supposed.*^ 
That  muriatic  ^cid  and  nniriate  of  ammonia  pofisee* 
ibis  power  at  high  temperatures  is  well  known,  but 
no  muriate  of  ammonia  is  present,  nor  isTdinj  mutktid 
^ttcid  except  in  ccMmbination.  Hydrogen  gas  is  said 
*aiso  to  be  ci^a;ble  of  volatilizing  iron)  but  thoigat 
^yolved  fiom'  the  rwater  Ima-been  abowa  to  consist  of 
azotic  gas  and  a  smalt  quantity  of  carbonic  add 
•gas,  and  to  these  gases,  either  s^arato  or  cotnbised, 
.no  sueh:  power  has  ever  been  attributed.  If,  however^ 
they  really  possess  it  in  this  instance,  they  must  bis 
regarded  as  the  solvent  of  the  iron,  and  the  effect 
produced  upon  tincture  of  galls  must  be  derived  from 
ibe  gas  diffused  in  small  quantity  through  the  water. 
If  this  be  the  case,  the  api^ication  of  the  concentrated 
solution  of  iron  should  produce  a  mudi  more  distinct 
effect  upon  the  tincture;  but  it  has  been  shown  (D) 
that  the  gaa  destroys  the. colour  of  tincture  of  galls 
instead  of  increasing  it,  which  woiild  be  the  effect  if 
it  cofitained  oside  of  iron«     .  >  ; 

'  rf.*  About  oqe  gallon  of  the  wateir  was  put  into  a 
vetiiael  of •  considerable  depth,  of  which  it  occupied 
Mbout  two-thirds :  it  was  slightly  covered,  and  re- 
mained about  twenty rfour  hpurs*  It  t)ieiii  retained  its 
power  of  affording  a  peach-blossom  coloured  precipir 
tate  witb^  tincture  of  galls  QL)  in  a  very  considerable 
degree. 

It  is  remarkable  that  in  this  experiment  the  result 
shoytld  have  proved  so  different  from  that  obtained  in 
Npne^  where  the  circumstances  were  similar,  excepting 
<Hily  ^the  form  of  the  vessel  anid  the  quantity  of  th^ 
water.  ^  When  the  water  was  exposed  with  a  brbi^d 
llir/ace^  tiii^ure  of  galls  shewed  no  action  on  k  {q)^^ 
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tut  is  tbi»  CAM,  even  after  eight  boon  longer  ei|ia» 
Mr^  it  detected  oxide  of  iron. 
.  From  this  circumstance  I  began  to  suspect  that  some 
ebange  wad  prodoced  by  the  absorption  of  oxygen^ 
and  thai  it  had  not  produced  the  same  effect  in  this  9s 
in  the  former  experiment,  on- account  of  the  quantity 
of  the  water  and  depth  oi  the  resseL  There  ap^ 
peered,  however,  a  strong  fact  against  this  suppoai* 
tion;  Tiz.  that  iron  is  more  easily  detected  wImh 
highly  oxidized,  whereas  the  contrary  effect  was  la 
this  case  prodi^sed. 

To  try  the  effect  of  atmosphere  air,  the  following 
experiments  were  performed : 

t.  A  small  quantity  of  the  *  water  was  encloeed^^ 
while  hot,  in  a  well«stopped  rial,  with  about  <Hie> 
fortieth  of  its  volume  of  atmospheric  air.  After  four 
days  the  water  remained  perfectly  transparent,  but  the 
addition  of  tincture  of  galls  did  not  afford  the  slightest 
appearance,  of  its  containing  iron. 

f.  Another  portion  of  the  water  was  kept  for  the 
same  length  of  time  in  a  well-stopped  vial,  but  witkr 
out  any  air  except  such  as  the  water  held  in  solution. 
Tincture  of  galls  occasioned  exactly  the  same  appear^ 
ance  of  inm  in  this  as  in  the  water  when  fresh  and 
hot  (X), 

That  the  action  of  tincture  of  galls  is  lost  by  the 
absorption  of  the  oxygen  of  atmospheric  air  is  proved 
by  the  following  experiment : 

g.  A  third  quantity  of  the  water  was  enclosed,  with 
tiie  usual  precaution,  in  a  vial,  about  one  half  of 
which  was  occupied  by  the  gas.  evolved  from  the  water 
in  the  bath,  which  has  been  shewn  to  contain  no 
ox^f^  gas.    After  four  days,  tin^tvre  of  ^s  ww 
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cdifoii  to  it;  and  gave  tbe  satne  appeaitoces  of  joxick 
of.  iron  as  occur  in  its  application  to  the  iflresk  hot 
f^ater.  =  •  - 

Having  thus  ascertained  the  effect  of*  oxygen  id 
preventing  tbe  action  of  tincture  of  gaUs  upon  oxide 
ttf  iron>  it  i^mained  to  be  shown  in  what  manner  thii 
is  ei^cjted.  I  imagined  it  might  be  produced  by  in* 
rreasing  the  power  of  combination  of  the  oxide  of  iron 
so  as  to  admit  of  its  acting  upon  the  earthy  contents  of 
tiie  water  and  forming  compoutids^  the  strong  affinity 
of  tbe  constituents  of  which  presented  the  action  of 
the  tincture  of  galls.  With  a  Tiew  to  ascertain  how 
h.r  this  supposition  was  correct,  I  examined  tbe  effects 
produced  by  adding  cai:bonate  of  lime,  dissolved  by 
carbonic  acid,  to  solution  of  sulphate  of  iron  to  whicU 
tincture  of  galls  had  been  previously  a^ded;  and 
although  it  will  appear,  by  the  following  experiments^ 
that  the  alterations  produced  upon  the  oxide  of  iron 
in  the  water  are^caused  by  the  carbonate  of  time  it 
•ontains,  it  will  also  be  found  that  they  are  not  effected 
in  the  way  I  had  supposed. 

A  very  dilute  solution  of  proto*-sulphate  of  iron  was 
prepared :  tbe  quantity  of  oxide  of  iron  contained  in 
it  was  so  small  as  scarcely  to  afford  any  alteration' of 
•otour  when  tincture  of  galls  was  added  to  it ;  but 
ttpon  pouring  solution  of  carbonate  of  lime  into  it  after 
tincture  of  galls  bad  been  added,  a  deep  red  colour 
was  almost  instantaneously  produced.  *' 

Although  this  fact  did  not  immediately  appear  likely 
totfolve  the  difficulties  att^dant  upon  the  water,  in 
question,  yet  it  ivas  sufficiently  striking  to  merit  air 
examination  by  what  means  the  carbonate  of  lime  pro^ 
duced  this  effect,  and  to  wbat  extent  it  might  be  em« 
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ployed  in  rendering  tincture  of  gdb  anuica  aetive  re« 
agent. 

With  this  intention  I  boiled  some  crystallized  8al«» 
phateofiron  in  alcohol  till  nearlj  the  whole  of  the 
per-sulphate  was  separated*  The  remaining  quantity 
being  extremely  small,  I  shall  consider  the  iron  m 
this  solution  as  entirely  in  the  state  of  protoxide. 
The  sulphate,  insoluble  in  alcohol,  was  dissolved  ia 
water,  and  the. quantity  of  the  oxide  contained  in  a 
given  portion  of  the  solution  was  ascertained  by  taking 
the  average  of  two  experiments. 

A.  To  one  ounce  of  this  solution,  containing  about 
T^dth  of  a  grain  of  protoxide  of  iron,  tincture  of  galla 
was  added.  This  occasioned  the  usual  appearance 
indicated  by  the  presence  of  oxide  of  iron  in  a  very- 
slight  degree.  The  colour  produced,  increased  by  the 
absorption  of  the  oxygen  of  th6  atmosphere.  *    * 

f •  An  equal  quantity  of  the  solution  was  treated . 
with ;  prussiate  of  potash.  A  light  blue  colour  was 
immeHiately  produced  by  the  minute  portion  of  per«f 
oxide  of  iron  which  had  escaped  the  action  of  the 
alcohol :  the  intensity  of  this  colour  gradual]|y  in<« 
creased  by  the  action .  of  atmospheric  air  till  the  iron 
was  .totally  converted  into  peroxide*  * 

k.  Tincture  of  galls  was  added  to  one  ounce  of  a 
dHute;  solution  of  carbonate  of  lime  containing  about 
T^^th  of  a  grain  of  oxide,  as  in  the  former  expe^ri- 
menbr.  A  red  purple  colour,  of  very  considerable 
intensityr,  was  immediately  produced. 

/.  The  last  experiment  was  repeated,  employing  rnily 
*  abont  -nnnrdth  of  a  grain  of  oxide,  instead  of  ^^^dth^ 
A  vetpy  distinct  red  purple  was  immediately  produced 
by  the  action  of  the  tincture  of  galls« 
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m.  To  one  ounce  of  a  solution  of  carbonate  of  lime^ 
containing  ^^tr^^th  of  a  grain  of  oi:ide  of  iron,  prus- 
fiiate  of  potash  was  added ;  but  it  did  not  produce  any 
indication  of  having  acted  upon  the  oxide  of  iron.       ^ 

I  now  prepared  a  solution  of  persulphate  of  iron  by 
treating  the  protosulpbate  with  nitric  acid  in  a  red 
heat.  The  quantity  of  oxide  which  the  solution  coa<^ 
tained  was  as  in  the  fbrmer  case  ascertained.  The 
experiments  made  with  this  were  as  follow :  - 

n.  One  ounce  of  a  solution  of  persulphate  of  iron, 
containing  yVmrdth  of  a  grain  of  oxide,  was  treated 
with  tincture  of  galls.  The  usual  indications  of  its 
action  upon  oxide  of  iron  were  presented. 

d.  The  addition  of  prussiateof  potash  to  an  equal 

quantity  of  the  solutioti  immediately  occasioned  a  blue 
colour.  ,,-..»      ,.    V 

p.  Tincture  of  galls  was  added  to  one  ounce  of  i 
dilute  solution  of  carbonate  of  lime  containing  ^,j«y^dth 
of  a  grain  of  the  peroxide  of  iron.  SKght  indication* 
of  its  action  upon  the  oxide  were  produced,  but  the 
colour  was  scarcely  more  intense!  thian  that  effected  by 
T^oVrrdth  of  a  grain  of  protoxide  in  similar  circum- 
stances :  no  effect  whatever  was  produced  by  infusion 
ofi  gall6  upon  TTrhnrdth  of  a  grain  of  peroxide  in  on6 
ounce  of  solution  of  earfoonate  of  lime.  The  colour 
produced  when  carbonate  of  lime  and  tincture  of  galls 
a«tr  added  to  the  peroxide  is  reddish  purple,  similar  ta 
that  occasioned  by  their  action  upon  the  protoxide.     ' 

}.  To  one  ounce  of  a  solution  of  carbonate  of  lime 
containing,  as  in  the  last  experiment,  x^rWdth  of  a 
grain  of  peroxide  of  iron,  prussiate  of  potash  was 
added.  Not  the  slightest  blue  colour  was  produced* 
When  carbonate  of  lime  was  thus  added  to  the  solu- 
tion of  peroxide  of  iron,  I  found  that  it  was  capable  df 
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preTtetiog  tke  action  qf  pruMiate  of  potaA  upon  ^^th 
^f  a  p-ain, 

from  these  experimentfl  it  is  evident  that  earboaatt 
6t  lime  possesses,  inf  a  yerjr  great  degree,  Uie  power 
of  increasing  the  action  of  tinctuDs  of  galk  upon 
protoxide  of  iron ;  while,  on  the  contrary, .  it  di^ 
minidies  its  power  in  detecting  peroxide  of  iron ;  and 
is,  moreover,  capable  of  pnMentmg  the  action  of  prns* 
•iate  of  potash,  to  a  cnrtain  extent. 

The  applieatioa  of  these  experiments  to  the  circum* 
stances  of  the  water  hi  t^neotion  is  obvious.  It  has 
been  shewn  HM  it  contains  caibonate  of  lime ;  and 
that  the  power  of  tincture  of  galls  to  detect  the  oxido 
of  iron  it  contains  is  eompletety  lost  by  the  absorption 
of^oxjgen*  The  following  experiment  was  made  with 
the  intention  of  trying  whether  this  effect  of  slow 
oxidizement  might  be  imitated » 

r.  Tincture  of  galls  is,  as  has  been  seed,  capable  of 
ftcting  upon  ^^V^dth  of  a  grain  of  protoxide  of  iron  in 
one  ounce  of  solution  of  carbonate  of  lime  (/)•  A 
portion  of  sulphate  of  iron  containing  T^^^^^th  of  a 
grain  of  protoxide  was  dissolved  in  one  ounce  of  diluto 
scdution  of  carbonate  of  lime,  and  was  kept  in  contact, 
with  about  one-fourth  of  its  volume  of  atmospheric 
air,  during  twenty-four  hours^  At  the  end  of  that 
time  the  solution  remained  perfectly  transparent,  nor 
had  any  precipitation  occurred  in  it.  But  the  addi* 
tion  of  tincture  of  galls  did  not  occasion  the  slighted 
appearance  of  having  acted  upon  the  oxide  of  iron. 
In  this  experiment  the  loss  of  power  of  tincture  of 
galls  is  much  more  speedily  effected  than  in  the  Bath 
water.  This  is  evidently  owing  to  the  atmospheric  air 
contained  in  the  distilled  water  employed,  whereas  no^ 
oxygen  gas  is  present  in  the  Bath  watett  j 
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Wfaw  wrbonal^  of  lime  is  added  .1{»tdliflirtf  gf  kon 

it  is  well  known  tbat  double  d^eiD^ppi^oii  takea  place, 
ibe  iroo  being  tbus  cofflbiiML  li^l^  the  carbonic  acid 
^instead  of  the  sulpburk.  V^mm%  found  that  tinctiue 
!<Qf.  galls,  in  Bevend  xoa/moom^  acts  much  more  readily 
upon  carbonates  Umhi  anlphateS}  I  imagined  th^t  the 
^iiarb^iiate  of  lime  i^foduced  its  effect  in  thi&  way.  To 
MCQrtain  nMher  this  suppoBition  was  correct  I  made 
^  loDowiflf  te^pewMirt-:  .    . 

lu  4.  qetantity  oC  the  Mt&tion  <^  pfotoaiilphate  of 
liw^  eimilar  to  that  employed  in  the  above-relatad 
^SLperiments^  was  decomposed  by  carbonate  of  potash ; 
i^arbonjc  acid  gas  was  passed  through  water  in  which 
jtb^  washed  carbonate  of  iron'  was  diffused,  and  to 
some  of  the  filtered  solution  tincture  of  galls  was 
added ;  but,  instead  of  the  reddish  purple  colour 
effected  by  the  action  of  carbonate  of  lime  upon  sul- 
phate of  iron  and  tincture  of  galls  (k)  and  (/),  the  usual 
deep  blue  colour  was  produced. 

i.  One- tenth  of  the  quantity  of  carbonate  of  iroa 
employed  in  the  last  experiment  was  dissolved  in  a 
solution  of  carbonate  of  lime  equal  in  measure  to  the 
last  solution*  To  this,  tincture  of  galls  was  added. 
The  reddish  purple  colour  was  immediately  producedi 
and  from  its  intensity  it  was  evident  that  carbonate  of 
lime  had  increased  the  power  of  tincture  of  galls  as  much 
in  employing  the  carbonate  as  the  sulphate  of  iroui. 

It  may  be  concluded,  from  these  experiments, .  thalt 
the  effects  produced  by  carbonate  of  lime  are  not  atr 
tributable  to  the  conversion  of  the  sulphate  of  iron 
into  a  carbonate ;  and  I  have  found  that  alkalies  and 
their  carbonates  possess  the  peculiar  power  of  increat« 
ing  the  mutual  acuity  and  acticm  between  tincture  of 
Udells  and  protoxide  of  iroQ« 
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I  I  next  examined  the  salts  produced  by  evaporating 
(he  water  and  crystallization. 

u.  A  quantity  of  the  water  was  evaporated  to  dryw 
ness :  the  residuum  wa^  treated  with  distilkd  water 
as  long  as  that  fluid  continued  to  dissolve  any  portion 
of  it.  This  solution  was  again  evaporated,  and  upon 
cooling  yielded  a  considerable  quantity  of  aciculair 
crystalsw  These  were*  again  dissolved  in  distilled 
water;  and  to  a  part  of  the  solution  nitrate  of  barytes 
was  added,  which  occasioned  a  copious  precipitate^ 
The  same  effect  was  produced  by  oxalate  of  ammonia ; 
but  ammonia  caused  no  precipitation.  These  crystals 
were  therefore  sulphate  of  lime.  By  further,  evapoi^ 
ration  the  solution  afforded  cubic  crystals  of  commoii 
sak  and  prismatic  crystals  of  sulphate  of  soda. 

The  next  object  to  be  attained  was  the  weight  of 
the  total  quantity  of  the  various  substances  held  ill 
solution  by  a  given  portion  of  the  water.  This'  has 
been  given  with  considerable  variation,  by  dijSerent 
analysts,  as  will  appear  by  the  following  statement* 
From  a  quart  of  the  water  > 

Dr.  Lucas  obtained  33|  grains  of  dry  residuumt 
Dr.  Charlton     .     .  34 
Pr.  Falconer     .     .  17| 
Dr.  Gibbes       ..23^ 

'  To  account  for  the  great  difference  of  these  results^ 
Dr.  Saunders  has  supposed  that  the  water  varies  at 
different  times,  or  that  the  residuum  has  been  dried 
with  various  degrees  of  heat.  I  have  ascertained  the 
quantity  of  the  contents  of  the  water  several  times 
during  about  eighteen  months,  without  observing  any 
other  variation  in  its  weight  than  is  unavoidable  in 
experiment.    In  support  of  this  observation  it  may  b^ 
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remarked^  that  I  found  its  specific  gravify  exactly  as 
stated  by  Dr.  falconer. 

'   It  id  scarcely  pi^bable  that  the  results  of  any  of 
these  analyses  were  obtained  by  dl*ying  the  residuun 
at  a  lower  temperature  than  S12^,  or  at  a  greater  tha|i 
a  red  heat.  '  Now  I  find  that  one  quart  of  the^  water^ 
weighing  30  troy  ounces  173  grains,  at  the  tempera- 
ture of  63^9  gives  32  grains  of  residuum  dried  at  219^: 
when  the  heat  of  a  sand-bath  is  employed,  30  grainy 
are  obtained;   and  at  a  red  heat,  8S  grains*    The 
greatest  variation  afforded  by  these  methods  is  foup 
grains;  whereas  from  some  ca-use,  which  it  is  difficult 
to  explain^  the  extren^e  difference  of  the  experimentK 
above  cited  is  16^  grains.^  When  a  red  heat  is  em* 
ployed,  a  part  of  the  loss  is  occasioned  by  the  decom- 
position of  the  carbonate  of  lime;  for  water  poured 
upon  the  residuum  turns  turmeric  paper  of  a  reddish 
brown  colour^    The  greater  part  of  the  residuum  ss- 
perfectly  white;  the  portion  deposited  at  the  upper 
part  of  the  vessel  is,  however,  slightly  greyish,  but 
Bot  at  all  appearing  as  if  coloured  by  oxide  of  iron. 
I  suspected  that  it  might  be  occasioned  by  carbonaceous 
matter;  to  ascertain  whether  this  was  the  case,  the  fel« 
lowing  experiment  was  made : 
•  V*  Four  pints  of  the  water  were  evaporated  to  dry* 
ness  in  a  retort,  and  the  residuum  boiled  with  about 
five  ounces  of  alcohol.     The  filtered  solution  left^^qm 
evaporation,  8.3  grains  of  a  yellowish  coloured  si|b* 
substance.    A  part  of  this  was  dissplved  in  water,  i^nd 
afforded  a  copious  white  precipitate  with  nitrate  of 
silver,  but  did  not  give  any  with  ammonia  or  with 

carbonate  of  ammonia:  common  salt  was  therefore  the 

» 

only  one  dissolved  by  the  alcohol, 

w.  To  the  remaining  portion  of  the  saline  mass 
colourless  sulphuric  acid  was  added.    By  heating,  tlm 
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mtid  acquired  a  dark  browns  colour,  eVidently  derived 
from  its  action  upon  carbonaceous  matter.  This  expe» 
fiment  did  hot  appear  cmicluMve,  as  two  cau&ei  of 
error  might  have  exi^ed,-^-a  smaU  quantitj  of  alcohol 
ww$  probably  deooa^iosed  by  the  action  of  the  salti 
vpoB  ity  or  some  of  the  amferya  which  is  found  in  the- 
water  might  have  escaped  notiee  previous  to  evapo**^^ 
ntion.  I  had  recourse,  therefore,  to  other  meana*, 
Mr.  Kirwan,  in  his  Treatise  on  the  Analysis  of  Mineral 
Waters,  gives  a  method  for  ascertaining  the  presenoe^ 
and  quantity  of  extractive  matter  proposed  by  West- 
nimb,  which  consists  in  precipitating  the  murialic^ 
salts  by  nitrate  of  lead,  and  afterwards  the  extractiva 
matter  by  nitrate  of  silver.  It  is  impossible  to  con«^ 
eeive  any  method  more  completely  fallacious  ihtok 
tiiis;  for  extractive  matter  is  as  readily  precipitated 
by  nitrate  of  lead  as  by  nitrate  of  rilver;  and  althougb 
common  salt  is  decomposed  by  nitrate  of  lead,  mu- 
riate of  lead  being  a  salt  of  considerable  solubility, 
the  subsequent  addition  of  nitrate  of  silver  wohld 
decompose  it,  and  afford  a  precipitate  consisting  of 
muriate  of  silver  without  any  extractive  matter. 

'  The  power  of  sulphuric  acid  in  detectfng  carbon- 
aceous matter  is  extremely  great:  -rrirdth  of  agraiai 
of  sugar  was  dissolved  in  four  x)unces  of  water;  to 
this  solution  about  one  ounce  of  sulphuric  acid  waa 
added :  it  was  then  boiled  till  nearly  the  whole  of  the 
water  was  evaporated,  and  the  acid  had  acquired  a 
Very  distinct  brown  colour. 
The  following  experiment  was  now  made : 
X.  A  quantity  of  sulphuric  acid  was  added  to  one 
quart  of  the  water  perfectly  transparent,  and;free  from 
heterogeneous  matter.  The  mixture  was  evaporated 
aearly  to  dryness  in  a  retort,  and  the  sulphuric  acid 
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^^matiied  f0ft8tt\y  colourless.    The  water,  tbeMrfbt^ 
contains  no  carbonaceous  master. 

The  Mibstances  contained  in  the  water,  M  llwwa  hf 
the  ibregoing  experiments,  are ;  catlNMiafo  cif  lime^ 
dxide  of  iron,  sulphate  of  lime,  temvfkon  salt,'  aiMt 
sulphate  of  soda.  The  presence  ^  these  eompo«Hdl^ 
fiasbeen  universally  allowed  i  but  that  silica  iieon* 
tained  in  the  water,  was  discoirere<i  bjr  Dr.  Gibbes. 
To  find  the  quantity:  of  each  at  these,  the  following' 
taethods  were  employed : 

y.  A  quart  of  the  water  was  evaportteil  to  drynew 
In  aplatina  eroeible:  the  residuum,  dried. in  a  sand 
l^t,  weiglied  thirty  grains.  Thit  was  boiled,  wit^ 
#iu;oemte  portions  of  distilled  water,  till  it  eea^  to 
«flbrd  a  precipitate  with  titrate  of  bary  tea.  The  splii* 
fion  was  then  divided  into  three  equal  qaaiitities.. 

%.  To  one  of  these  p<NrtioRS  nitrate  of  silver  was 
added  as  long  as  precipitation  took  place,  and  distilled 
water  w^s  pour^  upoA  the  precipitate  till  it  came 
awi^  quite  pure*  The  chloride  of  silver  thus  obtained 
was  weighed  after  etsiccation. 

A.  TI^  seeoftd  quantity  was  treated  with  oxalate  of 
amnfonift  While  it  continued  to  produce  any  effect. 
TlM^  precipitated  oxalate  of  lime  Was  washed,  dried^ 
ftlld  weighed. 

-  B.  To  the  remaining  part  of  the  solation  nitrate  of 
barytes  was  added  till  it  ceased  to  produce  any  pre- 
dpitate;  and  the  sulphate  of  barytes  obtained  by  itH 
action  was  weighed,  after  washing  and  drying,  as  ia 
the  former  experiments. 

C.  The  residuum,  insoluble  in  water,  weighed,  when 
dried,  two  grains :  nitric  acid  added  to  it  dissolved  1.7 
grains.  This  solution  afforded  no  precipitate  witik 
pofaidi,  but  a  copious  one  with  oxalate  t>f  aftinipnia  x 
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it  was  tberefore  nitrate  of  lime  obtaioed  bj  the  decom- 
position  of  the  carbonate. 

D.  The  0*3  of  a  grain  left  by  the  nitric  acid  was 
dissolved  by  potash,  and  precipitated  from  it  b/  muriate 
of  ammonia.  This  precipitate  was  not  again  soluble 
ijQ  nitric  acid,  and  was  consequently  silica. 
«  Another  quart  of  the  water  was 'treated  in  the  same 
way.  To  avoid  prolixity,  I  shall  state  the  quantity  of 
eadi  precipitate  afforded  by  one-third  of  a  quart  mul- 
tiplied by  three,  and  make  the  requisite  calculations 
from  the  niean  of  the  two  experiments. 

^  .  :■  •;• ''  ••  Exp,  L. 

'     Residuum    .    •    .30' 

*  Chloride  of  silver      162 
'    .Oxalate  of  lime    .    18.3 

Sulphjateofbarytes   36*6 
^     Carbonate  of  lime       1*7 

•  SiUca     ^    •    .    •      0-3 

According  to  Dr.  Gibbes,  a  quart  of  the  water  affords 
nearly  4  grains  of  silica  when  treated  in  the  method 
I  have  described.  Thinking  it  probable  that  a  portion 
of  it  might  be  taken  up  by  the  action  of  the  salts  during 
their  solution  in  water,  I  tried  whether  any  larger 
quantity  could  be  obtained  by  the  following  method :  , 
^  E.  A  quart  of  the  water  was  evaporated  to  dryniess 
in  a  platina  crucible.  The  residuum  was  repeatedly 
treated  with  nitric  acid  in  a  red'heat ;  the  soluble  partd 
were  again  redissolved  in  distilled  water,  and  the  por- 
tion insoluble  in  it,  when  dried,  weighed  0.4  of  a  grain, 
^his  agreeing  exactly  with  the  last  experiment,  I  shall 
consider  it  as  the  quantity  of  silica  afforded  by  a  quart 
of  the  water.  This  experiment  was  several,  times 
repeated^  with  very  little  variatipA  in  the  weight  of 
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Mean 

^' 

30* '  graiat 

162 

16'i 

17.7 

18- 

369 

36-7 

1-5 

• 

16 

0-4 

0-35 
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the  result,  but  was  sometimes  evidently  coloured  Iby 
oxide  of  iron,  which  was*  separated  from  the  silica,  and 
its  nature  ascertained  hy  the  usual  means* 
.  To  find  the  quantity  of  oxide  of  iron  contained  in 
the  water^  the  following  means  were  employed : 

JFV.  To  a  quantity  of  the  hot  water  tincture  of  galls- 
was  added  in  the  requisite  proportion.  The  water' 
measured  when  cold  9{  pints. .  The  precipitate  ob- 
tained was  separated  by  the  filter,  and  dried :  the- 
piecipitate  and  filter  were  then  burned  together  in  a 
platina  crucible,  and  the  carbonaceous  matter  of  the 
filter,  and  that  combined  with  the  iron,  were  dissipated 
by  the  application  of  a  r^d  heat.  The  residuum  was 
then  treated  with  liitric  acid,  in  order  completely  .to 
oxidize  the  iron :  it  was.  then,  boiled  with  acetic  acid 
to  take  up  the  lime  precipitated  with  the  oxide  of  iron 
by  the  tincture  of  galls ;  and  afterwards  with  potash, 
to  dissolve  any  silica  which  the  filter  might  have  fur« 
Aished:  the  remaining  substance  was  evidently  per- 
oxide of  iron,  and  weighed  0.8  of  a  grain. 

Cr.  The  last  experimeat  was  repeated,  slightly 
varying  the  method.  Tincture  of  galls  was  added,  as 
before,  to  a  quantity  of  the  hot  water,  measuring 
afte^  it  had  cooled '17|  pintsw  The  precipitate  was 
suffered  to  subside,  and  the  water  poured  off  until  only 
a  small  quantity  remained.  This  was  evaporated,  and 
the  residuum,  treated  with  nitric  acid  in  a  red  heat, 
weighed  0.5  of  a  grain.  Being  exposed  to  a  red  heat 
with  carbonaceous  matter,  it  betame  magnetic,  and 
dissolved  in  muriatic  acid,  except  ^.Vth  of  a  grain, 
which  appeared  ta  be  silica,  derived  from  the  water 
evaporated  to  obtain  the  precipitate  formed  by 
tincture  of  galls.    The  muriatic  solution  afforded  a 
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Utte  ppecipkafe  with,  pruadale  of  poUsli,  0&4  net^ 
Uiecefore  oxide  of  iron. 

According  to  tha  experiment  ( J^  oBe  quart  of  the^ 
water  affords  .0431  of  a  grain  of  oxide  of  iron,  and 
by  the  second  .0483,  giving  a  mean  of  .0442;  but^he.' 
iron  in  the.  water  is  in  the  state  of  protoxide ;  and  as 
the  peroxide  consists  of  66.5  protoxide,  and  7.5  oxy* 
gen,  .0448  will  give  .0397,  the  quantity  of  protox- 
ide of  iron  in  one  quart  of  the  water. 

16.2  of  chloride  of  silver  indicate  6.6  of  common 
salt. 

18  of  oxalate  of  lime  are  produced  by  18.&  of  sul- 
phate of  lime. 

18.6  of  sulphate  of  lime  afford  39  of  sulphate  of 
barytes,    which    subtracted    from    36.7,   the    whole 
quantity  of  sulphate  of  barytes  obtained,  leave  4.7 
for  the  sulphate  of  barytes  formed  by  the  sulphate  of 
•oda,  equivalent  to  2*8. 

One  quart  of  tlie  water  therefore  contains. 
Carbonic  acid  gaa  ,  •      2i4    inches 


Sulpliate  of  lime  .    . 

18.6    grains 

Common  s^lt  .    .    . 

6.8 

Sulphate  of  soda  i    . 

3.8 

Carbonate  q(  lime   . 

1.6 

Silica     ..... 

0.4 

Oxide  of  iron  .    .    . 

0.0397 

30J8S97 
Error 8S97 
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EstJitaatiils  tlie  &u1]^hate  of  soda  in  the  crystallized 
stat^  one  pint  of  the  water  contains  nearly  as  follows : 
Garbonic  acitt  •     •    .     ly  inch 
Sulphate  of  lime  •    •     Qj*  grains  ' 
C^taonsalt  •    •    •     3^ 
SMO^hate  of  soda      .Si 
Ctirbonat^  of  lime    .     0^^ 
l^lea     .....     OtV 
Oxide  of  iron  •    •     •       r^ 

%  194.  Dr.  Murray  has  lately  published,  in  the  8th 
Yol.  of  the  Transactions  of  the  Royal  Society  of  Edin* 
burgh,  a  general  formula  fojr  the  analysis  of  mineral 
waters,  founded  on  the  idea  that  the  salts  obtained 
from  them  by  evaporation  are  not  necessarily  thosei 
which  existed  in  the  water,  but  that  ^^  the  conc^ntra- 
tioa  by  evaporation  must  in  many  cases  change  the 
state  of  corabinsition,  and  that  they  may  be  frequently 
products  of  the  operation,  and  not  the  original  ingre* 
dients.'*  He  considers  that  [the  state  of  combination 
in  which  the  component  parts  of  salts,  their  acids  and 
bases,  may  exist  in  a  mineral  water,  may  be  contem- 
plated under  two  views; — ^firstj^  that  they  may  be  in 
simultaneous  combination,  ^^  the  whole  acids  being 
neutralized  by  the  whole  bases;''—- secondly,  as  con- 
stitctting  binary  compounds,  and  that  ia  this  case  the 
combinations  are  those  which  form  the  most  soluble 
salts,  their  separation  in  less  soluble  compounds,  on 
evaporation,  arising  from  the  influence  of  the  force  of 
cohesion.  .  He  proposes,  therefore,  to  obtain  sepa- 
rately all  the  acids  and  all  the  bases  of  the  saline  jn« 
gredients,  and  then  to  calculate;  from  these  data,  the 
quantities  of  the  respective  salts  they  may  be  supposed 
to  give  rise  to,  considered  as  binary  compounds  of  the 
greatest  iiolubility,  and  existing  independent  of  each 

other. 

b2 
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This  method  could  hardly  have  been  adopted  a%w 
jears  «ince  from  the  very  imperfect  knowledge  then, 
possessed  of  the  composition  of  the  salts;  but  the 
great  number  of  accurate  analyses  of  those  bodies 
which  have  since  been  made,  and  the  establishment  of 
the  Atomic  Theory,  demonstrating  the  constant  and 
definite  ratio  of  the  combinations  of  their  elem^ts^ 
have  removed  the  difficulties  that  heretofore  existed.  • 

The  method  proposed  by  Dr.  Murray  is  as,  follows : 
^^  Reduce  the  water  by  evaporation  as  far  as  can  be 
done  without  occasioning  any  sensible  precipitation  or 
crystallization ;  this,  by  the  concentration,  rendering 
the  operation  of  the  re-agents  to  be  employed  more 
certain  and  complete.  It  also  removes  any  free  car- 
bonic acid. 

^^  Add  to  the  water  thus  contentratefd,  a  saturated 
solution  of  muriate  of  barytes,  as  long  as  any  precipita- 
tion is  produced^  taking  care  to  avoid  adding  an  ex- 
cess. By  a  previous  experiment,  let  it  be  ascertained 
whether  this  precipitate  effervesces  or  hot  with  dilu- 
ted muriatic  acid,  and  whether  it  is  entirely  dissolved. 
If  it  is,  the  precipitate  is  of  course  carbonate  of 
barytes,  the  weight  of  which  when  it  is  dried  gives  the 
quantity  of  carbonic  acid ;  100  grains  containing  22 
of  acid.  If  it  do  not  effervesce  it  is  sulphate  of 
barytes,  the  weight  of  which,  in  like  manner,  gives . 
the  quantity  oif  sulphuric  acid ;  100  grains  dried  at  a 
low  red  heat  containing  34  of  acid*  If  it  effervesce 
and  is  partially  dissolved,  it  consists  4)oth  of  carbonate 
and  sulphate.  To  ascertain  the  proportions  of  these 
let  the  precipitate  be  dried  at  a  heat  a  little  interior  to 
redness,  and  weighed ;  then  submit  it  to  the  action  of 
diluted  muriatic  acid ;  after  this  wash  it  with  water, 
and  dry  it  by  a  simi]iar  heat ;  its  weight  will  give  the 


'y 
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quantity  of  sulphate,  and  the  loss  of  weight  that  of 
he  carbonate  of  barytes. 
«  By  this  operation  the  carbonic  and  sulphuric 
acids  are  entirely  removed,  and  the  whole  salts  in  the 
water  are  converted  into  muriates.   It  remains,  there- 
fore, first  to  discover  and  estimate  the  quantities  of 
the  bases  present,  and  then  to  complete  the  analysis, 
to  find  the  quantity  of  muriatic  acid  originally  con- 
tained.   Add  to  the  clear  liquor  a  saturated -solution 
of  oxalate  of  ammonia  as  long  as  any  turbid  appeal*- 
ance  is  produced.    The  lime  will  be  thrown  down  in 
the  state  of  oxalate.    This  precipitate  being  washed, 
may  be  dried ;  but  as  it  cannot  be  exposed  to  a  red 
heat  without  decomposition,  it  can  scarcely  be  brought 
to  any  uniform  state  of  dryness  with  sufficient  accu- 
racy to  admit  of  the  quantity  of  lime  being  estimated 
from  its  weight.     It  is  therefore  to  be  calefied  with  a 
low  red  heat,  by  which  it  is  converted  into  carbonate 
of  lime,  100  grains  of  which  are  equivalent  to  56  of 
lime.    But  as  a  portion  of  carbonic  acid  may  be  ex- 
pelled, if  the  heat  is  raised  too  high,  or  a  little  water 
retained  if  it  is  not  high  enough,  it  is  proper  to  con- 
vert it  into  sulphate  by  adding  sulphuric  acid  in  slight 
excess,  and  then  exposing  to  a  full  red  heat.    The 
idry  sulphate  of  lime  will  remain,  100  grains  of  which 
contain  41.5  of  lime,  (a) 

.  **  (a)  The  onlj  tource  of  error  to  which  thii^  step  of  the  analynt  i» 
liable,  is  that  wUch  will  arise  if  more  barytes  has  been  used  in  the  first 
epcration  than  was  neceasary  to  precipitate  the  sulphuric  and  carbonic 
aeida.  It  will  be  thrown  down  in  the  state  of  oxalate  of  barytes,  and 
be  converted  into  carbonate  and  sulphate,  and  fhus  gtye  the  apparent 
proportion  of  lime  too  large.  This  is  obviated  of  course  by  taking  caro 
10  avoid  using  an  excess  of  barytes.'  To  render  the  operation  of  the 
•lalate  of  ammonia  as  perfect  as  possiblfe  in  pMcipitating  the  lime;  the 
water  should  be  considerably  reduced  by  evaporadonytaldn^cve  tir 
avoid  any  aeparation  of  any  of  its  ingredients." 
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^^  The  next  step  is  io  preeipitate  tlie  magnesia;  ad^ 
to  the  clear  liquor  poured  off  after  the  precipitation 
of  the  oxalate  of  lime,  heated  to  100°,  a)id  if  necesaaiy, 
reduced  by  evaporationi  a  solution  of  carbonate  of 
ammonia ;  and  immediately  drop  in  a  strong  solution 
of  phosphoric  acid,  or  phosphate  of  ammonia,  con- 
tinuing this  addition  with  freah  portions^  if  necessary, 
of  carbonate  of  ammonia,  so  as  to  preserve  an  excess 
pf  ammonia  in  the  liquor  as  long  as  any  precipitation 
19  produced.  Let  the  precipitate  be  washed;  whep 
dried  by  a  heat  not  exceeding  100°,  it  is  the  phos- 
phate of  ammonia  and  magnesia  containing  0.19  of  this 
earth ;  but  it  is  better  for  the  sak^  of  accuracy,  to  con- 
vert it  into  phosphate  of  magnesia  by  calcination  for  an 
hour  at  a  red  heat :  100  grains  then  contain  40  of 
magnesia.. 

^*  Evaporate  the  liquor  remaining  after  the  prer 
ceding  operations  to  dryness^  and  expose  the  dry  n^a«i 
to  heat  as  long  as  any  vapours  exhale,  raising  it  to- 
ivard3  the  end  ta  redness.  The  residual  matter  is 
muriate  of  soda,  100  grains  of  which  are  equivalent  tp 
53.3  of  soda,  and  46«7  of  muriatic  acid.  It  is  not 
however  to  be  considered  necessarily  as  the  quantity 
of  muriate  pf  soda  contained  in  the  water*;  for  a  portion 
of  soda  may  have  been  present  above  that  combined 
with  muriatic  acid,  united,  for  example,  with  portion^ 
of  sulphuric  or  carbonic  (a)  acid ;  and  from  the  nature 
of  the  analysis,  this,  in  the  progress  of  it,  or  rather  in 
the  first  step,  that  of  the  removal  of  these  acids  by  thq 
muriate  of  barytes,  would  be  combined  with  mfiriatio 


(it)  If  .with  ttiriomt  aci4  its  alkaline  propertiet  must  be  evident  in  tlui 
recM  watcc,  at  least  when  reduced  by  evaporation,  by  the  test  of  t«r« 
vifriepapjpr. 
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koA.  It  dbeb  iit>t  tlierefore  ^We  the  tnigihal  quantily 
drtltttkctA;  but  it  ]g[ives  the  qtrantify  oi  soda^  ^be 
na  portion  of  this  base  has  been  abstracted,  ^nd  hoi^e 
ititrdduced.^' 

'  **  The.  quantity  of  mnriatte  scid  taay  hate  bei^ii 
leithet  greater  or  less  thian  that  in  the  muriate  oFsoda 
obtsiined.  If  the  quantity  of  soda  existing  ift  the  Water 
Mteeded  What  the  proportion  of  muriatic  acid  couM 
Mtitralrse,  this  excess  of  soda  being  combined  wU3i 
stilphnric  or  carbonic  acid;  tbeti^  in  the  removal  6f 
these  acids  by  muriate  of  baryles,  muriatic  acid  wdUM 
be  substituted,  which  Would  remain  in  the  state  df 
muriate  of  soda;  and  if  the  quantity  considered  aiB  ah 
original  ingredient  Were  estimated  from  the  quantify 
of  this  salt  obtained,  it  w»iild  be  stated  too  high.  Or 
1^  on  the  other  hand,  more  muriatic  acid  existed  iti  thfe 
water  than  What  the  soda  present  could  neutralise,  the 
iaxcess  being  combined  with  the  other  bases,  lime  ol: 
magnesia,  then,  as  in  the  process  by  which  these 
earths  are  precipitated,  this  portion  of  the  acid  would 
be  combined  WiA  ammonia,  koA  afterwards  dissipated 
in  the  state  of  muriate  of  ammonia ;  if  the  original 
quantity  were  inferred  from  the  weight  of  the  muriate 
of  soda  obtained,  it  would  be  stated  too  low. 

'^  To  find  the  real  quantity  therefore,  another  step  \i 
necessary;  estimate  directly  the  quantity  of  muriatid 
acid  ill  a  given  portion  of  the  Water,  by  abstracting  any 
sulphuric  or  carbonic  acid  by  nitrate  of  barytes,  and 
then  precipitating  the  muriatic  acid  by  nitrate  of 
stiver  or  nitrate  of  lead.  The  real  quantity  Will  thuii 
be  determined  with  perfect  precision,  and  the  result 
WrlV  form  a  check  on  the  other  &tep^  of  the  smalysis,  ari 
it  will  lead  tdihe  detection  of  any  error  in  the  estimatd 
ef  the  other'iiigredients;  for  when  the  quantity  is  thu4 
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found,  the  quantities  of  these  must  bear  that  propoi^ 
iion  to  it  which  will  correspond  with  the  state  of  neu- 
tralization." 

^<  Thus,  by  these  methods,  the  different  acids  and  the 
,diflR[3rent  bases,  are  discovered,  and  their  quantities 
determined.    And  the  results  of  the  analysis  may  be 
stated  in  three  modes:  Ist,  the  quantities  of  the  acids 
and  bases.    Sdlj,  The  quantities  of  the  binary  com- 
pounds as  inferred  from  the  principle,  that  the  most 
•  soluble  compounds  are  the  ingredients;    which  will 
have  at  the  same  time  the  advantage  of  exhibiting  the' 
'  most  active  composition  which  can  be  assigned,  and 
M^ence  of  best  accounting  for  any  medicinal  powers  the 
waters  may  possess..    And  3dly,  the  quantities  of  the 
.binary  compounds,  such  as  .they  are  obtained  by  eva- 
poration, or  any  other  direct  analytic  operation." 

<^  With  regard  to  other  ingredients  either  not 
saline,  or  more  rarely  present,  it  will  in  general  be 
.preferable,, when  their  presence  has  been  indicated  by 
the  employment  of  tests,  or  by  results  occurring  jn 
the  analysis  itself,  not  to  combine  the  investigation 
to  discover  them  with  the  general  process  above  de« 
scribed,  but  to  operate  on  separate  portions  of  the 
water,  and  to  make  the  necessary  allowance  for- their 
quantities  in  estimating  the  other  ingredients.  T4ie 
quantity  of  iron,  for  example,  in  a  given  portion  of  the 
water,  may  be  found  by  the  mpst  appropriate  method; 
Silica  will  be  discoverfjd  by  the  gelatiqQUS  consistence 
'it  gives  on .  evaporation,  and  forming  a  residue  in-* 
soluble  in  acid»,  but  dissolved  by  a  solution  of  potasb«t 
Alumina  may  ^e  discovered  in  the  preliminary  appli* 
cation  of  tests,  Iby  the  water  giving  a  precipitate  with 
>:arbonate  of  ammonia,  which  is  not  soluble,^.or'is  only 
partially  soluble   in  weak  distilled  vinegar,  but  ii. 
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I  xliasolved  by  boiling  in  a  solution  of  potash,  or  by  its 

.  precipitation  from  the  winter  sufficiently,  evaporated 

.by  succinate  of  soda;  or  in  conducting  the  process 

itseU^  it  will  remain  in  solution  after  the  precipitation 

of  the  lime  by  the  oxalic  acid,  and  be  detected  by  the 

.turbid^  appearance  produced  ou:  the  addition  of  the 

.  carbonate  of  ammonia  previous,  to  the  addition .  of  the 

.phosphoric  acid  to.  discover  the  magnesia.     Its  quan- 

vlity  may  then  be  estimated  from  its  precipitation  by 

'  carbonate  of  ammonia,  or  by. other  methods  usually 

employed.    Silica  will  also  be  precipitated  in   the 

same  stage  of  the  process ;  its  separation  from  the 

.alumina  may  be  effected  by  submitting  the  precipitates 

thoroughly  dripd,  to. the  action  of  diluted,  sulphuric 

*  acid.  Potash,  when  present,  which  is  very  seldom  to 
be  looked  for,  will  remain  at  the  end,  in  the  state. of 

.muriate  of  potash.  Muriate  of  platina  will  detect  its 
presence,  and  the  muriate  of  potash  may  be  separated 
by  crystallization  from  the  muriate  of  soda. '^ 

^^  There  is  another  mode  in  which  part  of  the , 
.analysis  may  be  conducjted,  which  although  perhaps  a 
.little  less  accurate  than  that  which  forms  the  preceding 
.'formula,  is  simple. and  easy  of  execution,  and  which 
.may  hence  occasionally  be  admitted  as  a  variation  of 
the  process;  the  outline  of  which  therefore,  I  may 
briefly  state.?' 

r  "  The  water  being  partially  evaporated,  and  the 
sulphuric  and  carbonic  acids,  if  they  are  present,  being 

•  removed  by  the  addition  of  muriate  of  barytes,  and 
.  the  cotnyersion  of  the  whole  salts  into  muriates  effected 

in  the  manner  already  described;  the  liquor  may  be 

evaporated  to  dryness,  avoiding  an  excels  of  heat,  by 

'.  .which  the  muriate  of  magnesia,  if  present,  mi^ht  be 

decomposed ;  then  add  to  the  dry  mass  six  times  its 
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tmglit  of  rectified  idcohol  (of  tlie  Bpecifie  gravity  tt 
ksflt  of  *8S5)  and  agitate  them  occasionallj  durllig 
twenty-four  hbum^  wkkout  appljing  heat.  The 
muriates  of  lime  and  magnesia  will  thus  be  dissolved, 
wfaHe  any  muriate  of  soda  will  remain  undissolved. 
To  remove  the  former  mere  completely,  When  tUe 
solution  is  poured  off,  add  to  the  residue  about  twicte 
its  weight  of  the  same  alcohol,  and  allow  them  tb 
•tand  for  some  hours,  agitatitig  frequently.  And  when 
this  liquor  is  poured  off,  wash  the  undissolved  matted 
with  a  small  portion  of  akohol,  which  add  to  thb 
fi>rmer  liquors." 

^  Although  muriate  of  soda  by  itself  is  insoluble,  or 
neatly  so,  in  alcohol  of  this  strength,  yet  when  sub- 
mitted to  its  action  along  with  muriate  of  lime  or  of 
magnesia,  a  little  of  it  is  dissolved.  To  guard  against 
error  from  this  therefore,  evaporate  or  distil  the 
alcoholic  solution  to  dryness,  and  submit  the  dry  mass, 
again,  to  the  action  of  alcohol  in  smaller  quantity  than 
before;  any  muriate  of  soda  which  had  been  dissolved 
will  now  remain  undissolved,  and  may  be  added  th 
4he  other  portion ;  or  at  least  any  quantity  of  it  dis- 
aolved  must  be  extremely  minute.  A  slight  trace  of 
muriate  of  lime  or  of  magnesia  may  adhere  to  thb 
muriate  of  soda,  but  when  a  sufficient  quantity  of 
alcohol  has  been  employed,  the  quantity  is  scarcely 
appreciable;  and  the  trivial  errdr3  from  these  two 
circumstances  counteract  each  other,  and  so  fiir  serv^ 
to  give  the  result  more  nearly  accurate.'' 

^<  Evaporate  the  alcohol  of  the  solution,  or  draw  it 
off  by  distillation.  To  the  solid  matter  add  sulphurie 
ncid,  so  as  to  expel  the  whole  muriatic  acid;  and 
expose  the  residue  to  a  lieat  approaching  to  redhesf^ 
to  remove  any  excess  of  sulphuric  acid.    By  lixiviatioA 
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irltli  ii«9mU  portion  of  mrater^  the  sulphate  of  nragnefih 
will  be  dissolved,  the  sulphate  of  lime  remaiDing 
undissolved,  niui  the  quantities  of  each,  after  exposure 
to  a  low  red  heat,  will  give  the  proportions  of  linis 
aad  niagaesia.  The  quantity  of  soda  will  be  found 
from  the  weight  of  the  muriate  of  soda  heated  to  red- 
ness; and  the  quantities  of  the  acids  will  be  deter- 
mined in.  the  «ame  manner  as  in  the  general  formula.'^ 

^^  This  method  is  equally  proper  to  discover  other 
ingredients  which  are  more  rarely  present  in  mineral 
W'aters.  Thus  alumina  will  remain  in  the  state  of 
sulphate  of  alumina  along  with  the  sulphate  of  mag- 
nesia, and  may  be  detected  by  precipitation  by  bicar- 
bonate of  ammonia.  Silica  will  remain  with  the 
muriate  of  soda  after  the  action  of  the  alcohol,  and 
.will  be  obtained  on  dissolving  that  salt  in  water.  And 
iron  will  be  discovered  by  the  colour  it  will  give  to 
the  concentrated  liquors,  or  the  dry  residues,  in  on^ 
or  cither  oCthe  steps  of  the  operation." 

Dr.  Murray  obtains  the  quantity  of  gases  a  water 
may  contain,  by  processes  similar  to  those  detailed  io 
the  preceding  pages.  >  M.  Thenard  remarks  of  Dr. 
Murray !s  method,  that  it  is  certainly  good,  but  not  in 
his  opinion  preferable  to  the  one  previously  stated ; 
which  presents  all  the  advantages  of  Dr.  Mnrray's, 
vince  it  equally  enables  us  to  obtain  separately  the 
.quantities  of  the  different  acids  and  bases;  and  it  i$ 
even  more  generally  applicable  to  all  cases. 

Sea-water. — Sea-water  which  may  be  considered  as 
a  true  mineral  water,  has  been  analysed  by  many 
chemists  whose  experiments  prove  that  the  elements 
of  the  salts  it  contains,  are  soda,  lime  and  magnesia, 
and  sulphuric  and  hydrochloric  acids.  These  five 
substances  by  their  combinations  are  capable  of  form- 
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iiig^  six  dalts,  but  it  is  not  probable  that  they  exist  dl 
together  in  solution* 

Be  that  as  it  may,  the  following  are  the  results  of 
tiie  most  recent  analyses. 

M.  M.  Bouillon  Lagrange,  and  Yogel,  obtain^ 
from  100  parts  of  the  sea  water  taken  near  Bajonne^ 
in  the  Gulf  of  Gasconj, 

Sea  salt ;    .  2.510 

Hydrochlorate  of  magnesia  •    •  0.S5O 

Sulphate  of  magnesia  •    •    •    «  0.578 

Carbonates  of  lime  and  magnesia  0.020 

Sulphate  of  lime 0.015 

Carbonic  acid     ../...  0.023 


3-48(5 

Dr.  Morray's  analysis  of  the  water  of  the  Frith  of 
Forth  gave,  in  an  hundred  parts, 

Lime    »    .    .  0.040  Sea  salt    ...    2.470 

Magnesia  .    .  0.202  Hydrochlo.  mag*    0*315 

Soda     .     .    .  1.318  or  Sulph.  of  magnesia  0.212 

Sulphuric  acid  0.197  Sulph.  of  lime        0.097 

Hjdrochlo.  do.    1.SS7  

^  3.094 

3.094 

'  Considering  that  the  binary  compounds  formed  in  a 
dilute  solution,  must  be  those  which  are  most  soluble, 
ho  supposes  the  100  parts  of  sea  water  analysed 
contain, 

Sea  salt .     .    .    2.180 

Hydrochlorate  of  magnesia  •  •  0.486 
Hydrochlorate  of  lime  .  •  ,  0.078 
Sulphate  of  soda 0.350  « 

3,094 


V 194] 


XINJBR.AXi   WATBRf. 


flSfr 


Dr.  Marray  also  found  carbonic  acid  in  sea  water,  but 
be  does  not  admit  either  carbonate  of  lime  or  carbonate 
of  magnesia,  because  the.  precipitate  by  nitrate  of 
barya  gave  no  effervescence  with  acids.  He  conceive^ 
the  carbonates  to  arise  from  the  decomposition  of  the 
hjdrochlorates  of  lime  wd  magnesia,  in  the  process  of 
evaporation  to  dryness. 
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CHAPTER  Vri. 

Of  the  Analysis  of  Vegetable  and  Animal  Substances^ 

DIVISION  THE  FIRST. 

^  195.  The  compounds  which  constitute  the  vege- 
table and  animal  kingdoms  differ  from  every  other 
species  of  matter  in  their  peculiar  organized  structure^ 
and  especially^  in  a  chemical  view,  in  this,  that  all  of 
them  without  a  single  exception  are  decomposed  by 
high  temperatures.  They  are  also  liable  to  spontaneous 
decomposition  after  death,  and  their  elements  entering 
into  new  combinations  become  serviceable  to  fresh 
processes  for  the  support  of  animal  life  and  of  vege- 
tation, and  what  to-day  delights  us  in  the  fragrance 
of  the  rose  may  at  a  future  season  nourish  us  as 
bread,  or  exhilirate  as  wine. 

The  elements  of  inorganic  matter  are  generally 
combined  in  verj^  simple  proportions,  one  and  one, 
or  one  and  two,  &c. ;  in  organized  bodies,  on  the  con- 
trary, their  proportions  are  much  more  complicated ; 
several  atoms  of  one  species  of  matter  are  united  with 
several  others  of  different  species,  and  hence  their 
mutual  attractions  are  more  unstable  than  the  attrac- 
tions between  the  elements  of  the  former  substances ; 
and  hence,  too,  one  reason  of  our  utter  inability  to 
reproduce  even'the  simplest  body  of  this  class,  when 
once  its  elements  have  been  separated ;  though  to  this 
another  cause  must  be  added  of  still  greater  force ; — 
the  powers  of  life  are  not  in  the  hands  of  man,-— that 
principle,  which  once  lost,  organization,  soon  ceases, 
18  only  subservient  to  his  will,  from  whose  bounty  we 
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liue  ourselves  received  it.  The  variety  of  organiased; 
bodies  in  which  nature,  has  as  it  were,  playfully,  bat 
beautifully  indulged^  from  the  majestic  grandeur  of  the 
oak,  to. the  scarcely  visible  mos9j-><-&0m  the  mount^in^ 
QOB.  dephant  to  the  microscopic  insect,  seems  almost 
infinite ; — ^yet,  to  produce  ^U  this  multiplicity  of  form^. 
and  all  the  secretions  and  products  it  gives  rise  to,  a 
veiy^feweleipents  suffice  for  the  creative  power  that  cal- 
led them  into  being.  Vegetable  substances  seldom  con* 
tain,  as  essential,  more  than  three  principles,  oxygn^ 
bjrdrogen,  and.  carbon,  and  sometimes  azote ;— ani- 
mal matters  generally  contain  all.  these,  but  no 
note,    (a) 

With  four  simple,  elements  then,,  (a  brief  alphabet 
for  so  comprehensive  a  history,)  has  a  bountifal  Omni- 
pc^nce  composed  the  beautiful  volume  of  the  living 
world,  where,  turn  what  page  we.  may,  fresh  loveliness 
weets  the  eye,  fresh  cause  of  admiration. and  delight. 

The  subject  resolves  itself  into  two  parts;  the  first 
regards  the  nature  of  the  proximate  principles  of 
vegetable  and  animal  bodies ;  the  second,  the  investiga* 
tion  of  the  ultimate  principles*  By  the  proximate 
principles,  we  mean  those  compound  substances  found 
in  vegetable  and  animal  bodies  which  are  distin- 
guished by  peculiar  characters,  by  the  ultimate  pria* 
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(a)  Lime  and  phosphorus  are  indeed  'essential  Ingredients  m  tb* 
fdrmation  of  bone,  and  some  other  substances  are  also  found  in  org;a- 
nized  bodies ;  but  the  latter  are  in  such  extremely,  miaute  pr<^ortion» 
that  .we  can  scarcely  consider  them  as  essential^  though  in  strict  pro- 
priety we  are  not  justified  perhaps  ih  calling  one  element  essential  rather 
than  another,  whatever  difference  there  may  be  in  their  proportions.— 
PergeBus  pro^poses  to  call  those  substeaces  which  are  always  found  i«- 
or|^zed  bodies,  but  in  these  very  minute  quantities, /mom^i^t  elemenrs, 
and  the  others /rfcrar^.— (Annals  of  Philosophy,  voL  iv,  p.  326.) 
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ciples,  those  elements  of  which  the  proxiinate  prin«* 
dples'are  cofiiposed* 

'  All  yegetable  substances  are  either  solid  or  liqnid,^^ . 

mmy  are  volatile,  as  alcohol,  ether  and  the  esaelttid 

oils.    Dr.  Thomson  arranges  the  substances  found  aa 

Tegetables  under  five  heads ; 

4 1.:— Substances  soluble  in  cold  water. 

-<S.*^Substances  insoluble  in  cold  wsDer,  bnt  partly 

soluble  in  hot  water. 
.  S.-^Fusible  and  inflammable  substances,  insoluble 
in  water,  but  (generally)  soluble  in  alcohol 
or  ether.' 
4. — Substances    insoluble  in  water,  alcohol  and 
ether,  and  which  have  a  fibrous  or  woody 
'  X  texture. 

5. — Extraneous  substances,  belonging  to  the  mineral 
kingdom,  but  found  in  small  quantities  iftt . 
vegetables. 

•    *  ♦ 

Olf  the   distinguishing  Properties  of  the  proximate 

Principles  of  Vegetables. 

OF    ACIDS. 

§  196.  Almost  all  the  vegetable  acids  in  their  most 
uncombined  state  are  solid,  colourless,  heavier  than  - 
water,  and  inodorous.  They  redden  vegetable  blues 
with  different  degrees  of  force,  and,  except  the  fungic,  . 
iqalic,  suberic,  zumic  and  lampic,  are  crjrstallizable^ 
They  all  dissolve  in  water,  and  most  of  them  in  al<* 
cohoT.  (a) 


% 

(a)    Dr.  Thomson  determines  the  solubility  of  salts  in  water  and 
ilcohol  as  follows.    He  puts  a  certain  quantity  of  the  fluid. into  a  tube, 


Tbe  jrreater  part  of  thelveg^etaMe  acidd  eltist  readj 
ft^rmed  in  nature  ;  three  of  them  afe  both  natural  and 
^arti^fiial  products,  vis.  the  acetic,  liialk,  ando:xalic; 
•fix  are  only  formed  by 'art,^-^-^ampbofic,' mucous^ 
^ycotartfii^iC)  zumi<^)  lampic,  and  pyroniucic. 

^  197.  Acetic  add  exiiits  ready  formed  in  the  sap 
of  many  Te^taU«»,'  but  is  generally  obtained  by  fer- 
^Bie^lati^ ;  «ken  v»ry  pure  it  ci^rstallizes  at  about 
4i5^;  it  is  colourless,  baa. a  v«ry  pungent  odours  and 
strong  acid  iaste^  and  liaddens  vegetable  Uoes  deeply. 
Its  specific^ravity  at  62^18  1;069.  It  boils  at  a  tem- 
perature above  SlS^,  and  rises  in  vapour  without  de*> 
4;aiBpoaition^  (m). 

I  198.  Maiic  acid  exists  in  the  apple ;  it  is  brown^ 
probably  from  the  presence  of  some  foreign  substance; 
BOt.very  acid  to  thetaale^  btU  reddens  Ktmus  fftrongly^ 
It  does  4iot  cryrtaUize;  wteb  spread  in  thin  layera 
«nd  dried)  it  has  the  appearance  of  varnish ;  it  ia 
soluble  in  akohol;  is  very  liable  to  decompose  by 
Jieeping,  and  become  mouldy;  by  nitric  acid  it  is  con-> 
rerted  into  oxalic  acid.  It  gives  a  white  precipitate 
with  barya  watery  and  with  the  nitrates  of  lead, 
silver,'  and  mercury,  all  of  which  ate  soluble  ja  ah 
excess  of  malic  acid,  and  in  nitric  acid.  : 

^  l^.  ,,  Oxaiicacid  extsis  in  the  oxttlis  acetosella ; 
it  has  a  very  acid  taste,  and  acts  strongly  on  vegetable 
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ted  suspends  a  crystal  in  the  tube.  If  it  be  soluble^a  current  of  liquid 
may  be  ptfeeiy<ed  running  down  from  the  crystal  to  the  bottom  of  tbe 
tube*.  If  it  bf  insoluble' tao  stfth  current  iy' visible.  This  raetho^  is 
equally  applicable  -to  the  solid  acids,  and  other  substances.  (Annalf  of 
i»hilosophy,Yol.  xii.p.  103*) 

(a)  i^t  the  end  of  the  account  of  the  properties  of  the  vegetable 
scids  will  be  found  a  tatble  containing  those  of  the  salts  they  rcspec« 
lively  form  with  the  bases  of  potassa,  barya,  aad  leadb 
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bluet*  It  crystallines  in  long  transparent  colourless 
quadrilateral  crystals  with  dihedrar summits;  it  re-> 
quires  tvrice  its  weight  of  water  at  common  tempiera- 
tures  for  its  solution ;  it  undergoes  no  change  by  ex- 
posure to  the  air,  and  is  not  readily  soluble  in  alcc^ 
hdi ;  when  placed  in  contact  with  that  liquid  its  crys* 
tals  crack  with  a  slight  noise.  It  has  a  strong  attract 
tion  for  lime,  which  it  precipitates  from  its  neutral 
coQibination,  with  sulphuric  acid«  It  precipitates  the 
sulphate  and  bydrochlorate  of  copper  blueish  white ; 
nitrate  of  silver  white  $  and  nitrate  of  protoxide  of 
m^rj^ury  in  white  gelatinous  flakes. 

S  800.  Benzoic  acid^  formed  from  gum  benzoin^ 
is  solid,  white,  and  slightly  ductile,  reddens  tincture 
of  litmus ;  has  rather  a  bitter  taste,  but,,  when  pure^ 
no  smell;  it  crystallizes  in  long  white  opaque  prisms, 
with' a  satiny  lustre.  By  heat  in  close  vessels  benzoic 
aieid  fuses  readily  ;  a  portion  is  decomposed,  the  rest 
sublimes  and  crystallizes  in  the  neck  of  the  retort ; 
in  open  vessels  it  exhales  a  white  combustible  vapour 
extremely  irritating  to  the  lungs.  It  is  permanent  in 
the  air.  Boiling  water  dissolves  -^s^th  of  its  weight  of 
benzoic  acid;  at  common  temperatures  it  takes  up 
only  ^^dth  :  it  is  soluble  in  twice  its  weight  of  alco^ 
hoi,. from  which  it  is  thrown  down  by  water.  The 
strongest  mineral  acids  have  little  action  on  it« 

^  SOI.  Citric  acid  exists  in  lemons;  it  crystallizes 
in  rhomboidal  prisms ;  its  taste  is  extremely  shatfi^ 
and  acid;  it  reddens  litmus  strongly,  undergoes  no 
change  by  exposure  to  tlie.air,  but  when  heated  ia  it, 
it  fuses,  swells  up,  and  is  dissipated  in  acrid  vapours, 
without  leaving  any  residuum  ;  it  dissolves  in  |ths  of 
its  weight  of  water  at  common  temperatures ;  it  is  also> 
soluble,  but  in  a  less  degre<^,  in  alcohol.   The  aqaeou* 


k  S0$].  rE0ETABt.B  -UW>  AITIMAL  Str:ErBt AXOES.     575 

1 

sc^ution  is  very  liable  to  decompose  and .  become 
BiDiildy^  It  is  eonverted  by  nitric  acid  into  oxalic 
aeid;  ^ 

^  202.  Boletic  acid  wa,s  obtained  by  M.  Braconnot' 
from  the  boletus  pseudo  igniarius;  it  is  veiy  white, 
not  alteired  by  exposure  to  the  air,  and  formed  ot 
smaU  granular  prisms,  which  have  an  acidulous  fla- 
vour, similar  to  that  of  tartar.  At  the  temperature 
of  60®  it  requires  180  parts  of  water  for  its  solution, 
but  is  soluble  in  45  parts  of  alcohol.  The  aqueous 
Solution  reddens  tincture  of  litmus,  and  precipitates 
peroxide  of  iron  completely,  of  a  red  colour,  the 
supernatant  liquor  remaining  colourless ;'  the  protox- 
ide is  not  affected  by  it. — (Annales  de  Chimie,  vol. 
Ixxx.)  This  is  the  acid  diescribed  by  Thomson  and" 
Henry. 

Since  his  former  experiments,  M.  Braconnot  has 
discovered  another  acid  in  fungi,  which  being  more 
generally  contained  in  them,  be  has  named  fungic 
acid.  Its  flavour  is  very  sharp  ;  it  is  colourless,  deli- 
quescent, and  not  crystallizable. 

The  properties  of  the  salts  formed  by  both  the 
acids  with  bases  of  potassa,  barya,  and  lead,  have 
considerable  resemblance. — (Annales  de  Chimie,  vol. 
Ixxxvii.)  This  is  the  fungic  acid  described  by  M. 
Thenard,  (vol.  iii.  p.  110.) 

^  S03.  GaUic  acid  is  obtained  from  nutgalls;  it 
has  an  acid  astringent  flavour,  reddens  tincture  of 
litmus  strongly,  and  crystallizes  in  white  brilliant 
plates.  It  is  not  deliquescent  in  the  air  ;  it  is  soluble 
in  three  parts  of  boiling  and  in  SO  of  cold  water.  It 
is  very  soluble  in  alcohol;  its  aqueous  solution 
becomes  mouldy  by  keeping ;  it  sublimes  by  heat»  '  - 

s  2 


'  k  904.  Ellagic  octd.— -M.  Braconnot  has  latdj  £b^ 
covered  in  the  gall  nut  a'  new  substance,  whkh  he 
considers  to  be  an  acid.  He  obtained  it  in  the  follow^ 
log  manner : 

The  deposit  formed  in  an  infusion  of  galls,  whichf 
had  fermented,  being  treated  with  boiling  water,  left 
a  powder  of  a  light  fiiwn  colour^  and  soft  to  the  touch 
like  starch.  This  insoluble  powder  combined  with  a 
#eak  solution  of  potassa,  with  a  sensible  disengagie- 
ment  of  heat,  and  formed  a  slightly  alkaline  liquor,  of 
a  very  deep  yellow  colour,  which  being  filtered  and 
set  aside,  let  fall  a  pearly  deposit  in  considerable 
quantity.  This  deposit  was  washed  Uill  the  tfrniet 
passed  colourless,  and  a  neutral  salt,  of  a  greenidi 
white  colour  when  dry,  was  -obtained,  which  beings 
decomposed  by  weak  hydrochloric  acid,  the  new  sub-' 
stance  ^as  left  in  a  separate  state*  It  possesses  the 
following  properties  i 

•  It  is  an  insipid  white  powder,  slightly  inclining  to 
brownish  .red,  insoluble  in  boiling  water,  and  scarcely 
reddens  the  colour  of  litmus  paper.  It  does  not  de^ 
compose  the*  alkaliite  subcarbonates,  but  combined 
readily  with  the  pure  alkalies,  and  neutralizes  them^ 
These  compounds  are  insoluble  it  water,  but  soluble 
in  a  very  weak  alkaline  solution,  to  which  they  imparl 
a  deep  yellow  colour.  Ellagate  of  potassa  forms  bril* 
liant  pearly  scales  like  talc.  When  ellagic  acid  is 
mixed  with  nitric  acid,  and  v^ry  gently  heated,  thef 
mixture  acquires  a  reddish  tint,  which  gradually  be^ 
comes  more  intense  and  passes  to  a  deep  blood  red^ 
By  continuing  the  action  of  the  nitric  acid,  a  large 
quantity  of  oxalic  ackl  is  formed.  The  new  substance 
does  not  fuse  by  beat,  but  burns  without  flame  and 
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#cmtillftte8  slightly.  By  distillation,  it  is  partly  de^ 
tomppsed,  charcoal  is  deposited,  and  a  yellow  vaponr 
evolved,  which  condenses  in  transparent  greenish 
yellow  acicular  crystals,  similar  to  some  of  the  Ta* 
rieties  of  uranite ;  they  are  insipid,  and  insoluble  in 
boiling  water,  alcohol  and  ether.  EUagic  acid  dis* 
tolves  in  concentrated  sulphuric  acid,  from  which  it  is 
"tiirpwn  down  again  by  water.  (Annales  de  Chimie, 
vol.  ix.  p.  187 J  new  series.) 

M.  Braconnot  seems  unfortunate  in  his  nomencla* 
iure ;  he  called  the  acid  obtained  from  rice  Naneeity 
from  Nancy,  the  place  of  his  residence,  which  Dr. 
'Thomson^  much  more  properly  named  tumic.  He 
•to  called  the  above  new  substance  ettagique,  from  tlw 
Word  galle  reversed.  It  is  to  be  hoped  Dr.  Thotesoa 
will  invent  a  better  term  for  it  in  his  next  edition ;  .if 
the  substance  shall  be  then  found  to  hold  the  raidcai-' 
'signed  it  by  M.  Braconnot. 

^  SOS.  Kinic  add  is  obtained  from  the  qninquina^ 
or  yellow  Peruvian  bark ;  it  is  extremely  acid  to  the 
'taste,  crystallizes,  is  permanent  in  the  air,  and  fuses 
'by  heat ;  it  is  generally  tinged  of  a  brown  colour,  and 
its  acid  flavour  slightly  mixed  with  bitter,  both  pro- 
bably from  some  impurities.  It  does  not  give  a  pre- 
'^ipitate  with  the  nitrates  of  silver,  mercury,  or  lead. 

^  S06.  Laccic  acid  is  obtained  from  stick-lac ;  it  is 

crystallizable,  its  colour  is  wine  yellow ;  it  has  an  acid 

-flavour,  and  is  soluble  in  water,  alcohol  and  ether. 

,  It  precipitates  lead  and  mercury  white ;  but  does  4iot 

•render  lime  water,  or  the  nitrates  of  silver  or  barjn, 

turbid.    Whether  pure,  or  combined  with  a  base,  it 

gives  a  white  precipitate  with  salts  of  iron. 

S  207.  Meconie  add  is  obtained  from  opium;  at  is 
^  white^  and.  cvystalliEes  sometimes  in  needles,  tone* 


tiipes  in  square  plates^  or  verj  elong^ j  <rfit^ed^ 
Jt  fuses  at  about  2d0°*  and  sublimes  unaltered^  It 
reddens  litaius,  and  is  very  soluble  in  water  and 
alcohol;  it  ^^ives  no  precipitate  with  salts  of  peroxide 
of  iron,  but  changes  th^  solution  to  a  deep  red  colour; 
it  first  turos  the  blue  colour  of  solu^tion  of  sulphate  C(f 
copper  to  a  beautiful  emerald  tint,  and  after  a  certaiipi 
timCj  a  pale  yellow  precipitate  is  deposited.  It  aisp 
gives  a  precipitate  with  corrosive  sublimate.         .     .  ^ 

%  208.  MelUiic  acid  is  obtained  from  the  mineral 
called  honey-stone  or  mellite ;  it  hasat  first  a.mild  acid 
flayour,  which  afterwards  becomes  bitter ;  it  crystal* 
li^es  in  small  hard  prisms,  or  fine  needles  of  a  brownish 
colour,  which  sometimes  adhere  together  so  as  to  form 
little  globules.  It  is  sparingly  soluble  in  watei^ 
iNitric  acid  changes  its  colour  to  straw  yellow,  but  k 
incapable  of  converting  it  into  oxalic,  acid,  it  gives 
a  white  precipitate  with  nitrate  of  mercury,  a  gre^ii 
one  with  acetate  of  copper,  and  with  nitrate  of  iron,  a 
cream  yellow. 

§  309*  Moroxj/lic  acid  is  obtained  from  a  saline 
efflorescence  on  the  bark  of  the  mulberry  tree  (Horus 
alba).  When  quite  pure  it  crysktallizes  in  colourless 
transparent  prisms ;  it  has  a  sharp  taste,  and  reiddems 
litmus ;  it  is  permanent  in  the  air,  and  very  soluble 
both  in  water  and  alcohol ;  it  is  sublimed  by  heat. 

§  210.  Sorbic  aciJ exists  in  the  sorbus  aucuparia,  it  is 
a  transparent,  colourless,  inodorous  fluid ;  wbeii  eva^- 
porated,  it  forms  a  deliquescent  uncrystallizable  inass, 
very,  soluble  in  water  and  in  alcokol;  its  taste  is  ex- 
cessively acid.  According  to  Yauquelin,  when  eva<i 
porated  to  the  consistence  of  a  syrup,  it  crystallines  in 
little  mammulaB :  fuses  by  heat,  and  when  the  whole  of 
its  iKAter  is  drJIvea  off^  sublimes  and  .crystallizes  in  very" 


itid^Mte  iftetHed,  ddfionHn^  at  the  saiise  time  a  liftle 
eharcoftl ;  hence  it  does  not  sublime  unaltered.  It  it 
t^iy  readily  conrerted  into  o^Kc  acid,  bjr  the  attion 
^ifitric'acid. 

'  f  211.  Sacdinic  acid  is^  obtained  from  amber;  it 
^rjfstallizes  in  whSte  transparent  prisms,  which  ha^e 
an'acid  flavour,  and  r^dden^  litmus ;  are  soluble  in  96 
fiarts  of  water  at  the  temperature  of  50^,  and  in  twd 
jptrts  at  21S^;  boiling  alcohol  dissolves  more  than  half 
itt  weight  of  this  acid,  but  a  great  portion  separates 
again  on  cooling.  It  fuses  by  heat  and  sublimes,  but 
not  unchanged.  It  is  not  altered  by  exposure  to  the 
air.  Sulphuric  and  nitric  acids  dissolve  succinic  acid^ 
without  decomposing  it ;  when  heated  with  hydro- 
chloric acid,  it  forms  a  jdly. 

V  SIS-  Tartaric  aeid  is  obtained  from  wioe4eeti 
When  a  solution  of  tartaric' acid  is  very  much  concent 
trated,  and  left  some  days  at  rest,  it  forms  lamiuated 
laystals  of  indeterminate  forms ;  if  these  be  triturated^ 
tbejare  reduced  to  a  pasty  mass;  by  heat  they  fuse^ 
and  swell  up.  This  acid  is  very  soluble  in  water,  and 
ita  solntion  js  not  liable  to  spontaneous  decomposi* 
tion,  unless  very  much  diluted.  It  is  sparingly  uo^ 
luble  in  alcohol.  It  combines  with  pbtassa  in  two 
|yH>portiohs ;  the  neutral  salt  is  readily  soluble  in 
water,  bat  the  supertartrate  very  imperfectly  so. 
Hence  its  presence  is  easily  detected,  by  dropping  in 
by  degrees  a  solution  of  potassa,  to  a  liquid  supposed 
to  contain  it ;  if  tartaric  acid  be  present,  the'  super- 
tartrate will  precipitate  in  the  form  of  a  white  ^itty 
powder. 

Nitric  acid  readily  converts  the  tartaric  into  ox- 
alic  acid. 


^fl3«  Gsm/iAorK  iidtf  k  dbtained  frtttt  cnnpfcar ;  H. 
ftrms  snow  white  plamose  crystals,  whieh  effloresce  in 
^  air,  have  a  slightly  bitter  taste,  sopiethiog;  lak» 
saffron,  and  redden  vegetable  blues.  It. is  soluble  is 
100- parts  of  cold  water,  and  in  96  at  the  temperatora 
of^60^}  boijing  water  dissolves  one-teath  of  its  weight 
of  (this  acid,  and  alcohol  rather  more  thaa  an  eqiDia| 
w^lii  of  it.  The  solution  has  the  consistence  of  thi« 
'syi^j^.  It  is  soluble  in  boiling  alcohol  in  all  propori« 
timis.  It  melts  by  a  gentle  heat  .«nd  sublimes;  on 
hot  coals  it  is  dissipated  in  dense  aromatic  fumes;  it 
is  soluble  in  the  mineral  acids,  and  in  the  essential  aad 
fijEodoils.  .     . 

•  .%8li.  Saelaetk  acid  is  obtained  from  gums;  it  is  a 
white  gritty  powder,  with  a  weak  acid  taste,  aqd  red«< 
deiis  KtiBttftr^lightly.  When  decomposed  by. heat  in 
c36se  vessels,  besides  the  udual  products  afforded  by 
TegetaMe  matters,  a  whitish  substance  sublimes  and 
ecmdenies  in  plates  in  the  neck  of  the  retort,  which, 
according  to  Tromsdorff,  is  succinic  acid.  Saclactie^ 
aeid  undergoes  no  alteration  iu  the  air ;  boiling  water 
dissolves  -s^ih  of  its  weight,  a  porticm  of  which  cryytal^ 
lizes  on  cooling.  It  is  quite  insoluble  in  alcohol., 
<  ^  S15.  Pj/rotartaric  acid  is  obtained  by  the  di^Ua^ 
tioii  of  tartar ;  it  is  solid,  eiitremely  acid  to  the  taste^ 
and  reddens  vegetable  blues  strongly;  it  is.  very 
-soluble  in  wat^r,  and  by  spontaneous  evaporatidiii 
separates  again  in  crystals,  whose  form  has  not  beeii  * 
well  ascertained.  Heated  in  a  retort  it  fuses,  is 
partly  decomposed,  and  partly  sublimed  in  white 
scsales,  which  condense  in  the  neck  j  in  opeoi  vesself 
it  flies  of  in  wbi^  fusnM^  witboat  l^avind;  an^  r^x 
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4  tdl6.:   SttfttfT^  aJDtd  is  obtained  from  coi^k  ^   it  it 
i«ltilea»d  t^ulyerulent,  witb  a  slight  acid  flairoar,  andP 
V6d4en«jitiiiu8  verj^  &iiitly.    Water  at  140°*  dig8o)v«# 
yV^h^^f  i^s  weight  of  this  acid,  at  60°  only  Vs^h.     Itiv 
v^jdi  more  goluble  in  alcohol,  from  which  water  pre* 
cip^ales  a  part  of  it.    When  heated  in  a  retort  iC^ 
V^h»9   and  on  cooling  crystallizes  in  needles ;    by 
inpreasing  the  heat,    vapours  are  given  off^  which 
Clrtiden«e  in  the  netk  in  long  needle-shaped  crystale^ 
Qn  burning  coals  H  is  volatiliiEed  entirely,  ande^tbaW 
tfhe  smell  of  tallow.    Nitrio  add  has  no  action  on  it  y 
iMir^PiF^^^  the  nitrate  and  acetate  of  leadj  nitrate 
of  silver,  hydrocblorate  of  tin,  and  sulphate  of  iron  i 
but  not  the  sulphates  of  copper  or  zinc. 
'%^9n.'  Zumic  acid  is  obtained  from  rice;  it  is  n 
cdourless  very  acid  fluid,  which  when  evaporated  ta 
tl^  consistence  of  a  syrup,  does  no.t  crystallise.    It 
forms,  with  the  w;hite  oxide  of  manganese^  a  soluble 
talt  whicl)  crystallizes 'in  tetrahedra;  with  oxide  of 
zinc,  one  which  assumes  the  form  of  square  prisma^ 
Zoipate  of  protoxide  of  iron  crystallizes  in  fine  tetrad 
hedr^  needles,  of  little  solubility,  and  permanent  j» 
the  9ir.    Zumate  of  peroiMde  of  iron  does  not  cry»« 

talli:^ 

Zumic  acid  dissolves  oxide  of  silver,  and  fovmn  a 
saH  which  crystallizes  in  needles  that  have  a  silky 
lustre,  and  radiate  from  a  common  centre.  They  ara 
soluble  in  20  parts  of  water  at  6ff*  (a). 
'  V  218*  Lampic  acid. — If  a  coil  of  fine  platina  wire 
^P^th  of  an  inch  in  diameter,  be  so  placed  round  the 
w4ck  of  a  9pirit  lamp,  as  to  leave  two  or  three  tuma 


•   fa)  According  to  Vogel,  thii  acid  i»  identical  with  the  lactic  acid  oif 
(tkttU  and  Berzebtu  (Aoaala  of  fhJiUitofhjt  vol.  zii,  p.  9SI.) 


I 

tkcrre  tbe  wiek,  and  tiie  flame  esctinguisdbed  as-  booh  as 
fbe  wire  is  red  hot,  the  part  above  the  wid^  will  coiK 
liftoe  to  gplow,  till  the  whole  of  the  liquid  in  the  lamp 
is  consumed. 

-  If  alcohol  or  ether  be  the  liquid  employed,  a  pecu<« 
lour  acid  is  formed  by  this  process  of  slow  corobostion^ 
whose  pn^perties  have  latelj  been  examined  by  Mri^ 
Paniell. 

Mr,  Daniell  has  proposed  the  term  JLampic  atidf 
fo  denote  this  new  substance,  as  a  name  >whi<^ 
*^  will  record  at  once  ks  mode  of  formation,  and 
Ha  connection  with  that  brilliant  chain  of  invest!^* 
lion,  which  is  the  boast  of  sci^ice  and  triumph  of 
hsmanitj." 

.  Latnpic  acid  formed  from  ether  is  a  colourless  fluid^ 
with  an  intenselj  sour  taste>  and  pungent  odour:  its 
Tm)our.i8  Tery  disagreeable,  irritating  and  oppressive 
lo  the  lungs*  Its  specific  gravity  varies,  when  first 
ppepared  from  1000  to  1006,  by  careful  evaporation  it 
may  be  obtained  as  high  as  1015.  It  reddens  vege* 
table  blues,  and  decomposes  all  the  earth j  and  alkaline 
carbonates.  The  lampates  of  potassa  and  soda  are 
deliquescent,  that  of  ammonia  is  volatile  below  SI9^, 
exhaling  a  disagreeable  smell,  like  that  of  burning 
animal  matter*      ^ 

JLampate  of  barya  crystallises  in  needles. 
.  Lampate  of  lime  is  deliquescent,  caustic  and  bitter 
to  the  taste,  but  perfectly  neutral. 

Lampate  of  magnesia  is  sweetish  and  astringent. 
AU  these  salts  burn  with  flame  and  leave  a  carbo* 
■aceous  residuum,  which  continues  to  glow  after  the 
fiam<9  is  extinguished.  Lampic  acid  pcecipitatea 
metallic  gold  from  its  solution  in  hydrochloric  acid; 
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th^'  lampaies  of  potassa  and  ammonia  produce  tii« 
fi^me  eifect,  and  the  interior  of  the  4ube  becomes^ 
qovered  with  a  thin  coat  of  gilding,  which  trausiuitA  a» 
beautiful  .purple  light. 

/  Platina  is  not  reduced  bj  lampic  acid,  but  the  colour 
of  a  solution  of  its  hydrochlorate  is  heightened  by  it. 
Both  the  lampates  of  potassa  and  ammonia  tfar^w. 
down  from  it  a  yellow  and  very  crystallizaMe  salt^ 
neither  of  which  is  separately  reduced  at  a  boiiin^. 
lieat;  but  if  the  two  be  mixed  together,  an aneiaotft* 
JHeous  precipttoiion  ensues,  wbich  lines  the  tube  with 
a  coating  of  ihetallic  platina,  and  the  solution  remaina 
colourless. 

Lampic  acid  precipitates  metallic  silver  from  the; 
nitrate;  it  dissolves  oxide  of  silver,  and- gives  a  tea** 
Ipreen  solutimi.  ... 

,  Lampic  acid,  added  to  a  soLatioD.of  nitrate  of  maiw 
eury  -and  warmed,  eidiibits  a  very  beautiful  phsiio« 
menon.  A  metallic  shower  takes  place,  and  brillianl 
globules  of  quicksilver  soon  accumulate  at  llie  boltoM 
of  the  vessel. 

Lampic  acid  dissolves  red  oxide  of  mercury, 
and  forms  a  bulky  white  salt,  sparingly  soluble  ia 
water. 

From  an  experiment  with  a  mixture  of  the  acid  and 
black  oxide  of  manganese,  the  decomposition  of  the 
metallic  oxides  by  lamjHc  acid,  appears  to  be  owing 
to  the  abstraction  of  their  oxygen  by  the  carbon  of 
the  acid.. 

Lampic  acid  dissolves  black  oxide  of  copper,  the 
solution  is  blue,  and  affords  rhomboidal  crystals  by 
gentle  evaporation ;  by  boUing,  the  copper  is  thrown 
down  of  a  deep  red  colour. 


1 
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Strong  sulphuric  acid  instantlj  blackens  lampic 
acid)  and  disengages  a  quantity  of  carbon.  With 
nitric  acid,  nitrotis  gas  is  evphred,  and  oxalic  acid 
formed.   ' 

'  (Journal  of  Science  and  the  Arts,  vol.  vL  p.  31&) 

I  S19.  Pyromucie  acid  has  been  lately  discovered 
IqrM.  Hontou  Labillardiere(AmialesdeGhimie,  voLix» 
p.  365.)  He  obtained  it  by  distilling  saclactic  add 
itt  a  strong  heat.  It  h  an  inodorous,  white  crystallm» 
•olid,  is  strongly  acid,  and  fuses  at  a  temperature  of 
about  266'';  at  a  higher  heat  it  subtimer,  and  condensea 
into  a  liquid  which  crystallizes  as  it  cools,  and  ita 
surface  is  covered  with  ^ery  delicate  crystals ;  on  hot 
coals  it  fuses,  and  sublimes  in  white  pungent  vapou|v; 
it  reddens  litmus  strongly  ;  it  is  not  deliquescent,  but 
jnoch  more  soluble  in  boiling  water  than  in  cold }  a 
saturated  hot  solution  of  pyromucie  acid,  deposits 
crystals  as  it  cools,  in  small  elongated  plates,  crossing 
iach  other  in  every  dicection.  Its  aiudysis  by  oxid^ 
of  copper  gave 

« 

Oxygen  .  .  .45.8 
Carbon  •  •  52.1 
Hydrogen  .    .      2.1 

100.0 


]*yromaca(e  of  burya  js  competed  of  add    57.7 

haiTfa  42.2 


i      ' 


.  Consequently  100  of  the  acid,  saturate  73.13  of  ikii 
base,  whicli  contain  7.6  of  oxygen;  and      45.8 


«»-Mki 


7.6 
tktf  Bttmber  ofjEttoms  of  oxygen,  or  (7.5  X  6)  •  •  •  45.0 

45.8  :  5SA  : :  45  :  51.3  . . .  carbon 

.r  ■       -  •  ■    .         .       ;  .        .  -^ 

45.8  :    S.l  : :  45  :  S  .  •  •  hydrogen    . 

*  The  atomic  compodition  of  pyromii'cic  acid,.  thei%«'' 
ISNieis,  If 

7.5  X  6  =  45.0  oxygen  ;^^ 

5.7  X  9  =  61.3  carbon  ' 

1  X  2  i=    2.0  hydrogen 

9o«3 
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^The^equtValeHit  number  of  its  atom  as  obtained  fironft- 
Jiyromucate  of  barya,  is  99.1. 

Pyromucic  acid  dissolves  carbonate  of  lead,  anff 
Ibrmib  a  very  singular  compound  with  the  oxide ;  wheti 
the  soltftioH  is  evaporated,  brownish,  transparent, 
liquid  globules,  of  an  oily  appearance,  form  on  its 
surface,  which  being  separated,  assume  on  cooling 
the  softness  and  tenacity  of  pitch,  and  at  last  become 
solid,  opaque  and  whitish;  by  continuing  the  evapo** 
ration,  the  whole  liquid  is  converted  into  this  kind  of 
salt,  from  which  the  acid  and  oxide  of  lead  may  h%' 
obtained. 

'  %  920.  In  the  annexed  tables,  J  have  endeavoured 
to  bring  under  one  general  view,  the  most  striking 
characters  of  the  remaining  vegetable  substances.  A 
few  short  remarks  on  each,  are  added  in  the  following 
section^  containing  such  particulars,  as  cpuld  not  well' 
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be  included  in  the  tables.    I  hare  in  general  followed 
iHe  arrangenient  adopted  by  Dr.  Thomson. 

\'22l'  Swgar .--Several  plants  afford  this  substance; 
Ihat  which  is  obtained  from  the  sugar  cane  (arondo 
saccharifera)  is  the  mbject  of  the  preseat  article/ 
When  diwofTed  in  water,  and  mixed  with  jeast,  or 
waj  other  ferment,  and  kept  at  a  temperature  between 
SO^  and  80°,  sugar  is  decomposed  and  converted  into 
carbonic  acid  and  alcohol*  The  sweet  taste  and 
appearance  of  sugar  require  no  description.  It  usually 
crystallizes  in  four  or  six  sided  prisms.  .  When  dis- 
tilled it  affords  water,  acetic  acid,  oil,  charcoal,  car- 
bonic acid,  and  hydruretted  carbon. 

§  222.    SarQOcoU;  colour  yellow,  resembles  gum 
arabic  in  appearance,  smell  like  that  of  aniseed,  taste 
sweetish  bitter,  does  not  crystallize.      It  is  distin- 
guished from  gum  and  mucilage^  by  the  actioii  of 
^    tannin. 

S  223.  Guniy  when  pure,  is  colourless,  insipid  and 
inodorous.  Hydrochlorate  of  peroxide  of  iron  dropped 
into  strong  mucilage,  converts  the  whole  into  a  brown 
semi-transparent  jelly,  not  easily  Te-dissolved  by 
water.  Silicated  potassa  is  the  best  test  for  gum ;  it 
throws  down  a  white  flaky  precipitate,  from  very  dilute 
mucilage. 

§  224.  Mucus  exists  in  the  roots,  leaves,  and  seeds 
of  a  great  variety  of  plants.  In  taste  and  appearance 
it  resembles  the  mucilage  of  gum  arabic.  The 
mucus,  referred  to  in  the  table,  is  thajt  obtained  from 
linseeds 

V225.  Jelly  exists  in  some  fruiis,  as  currants, 
gooseberries,  &c. ;  when  the  acid  is  drained  off  from 
the  gelatinized  juice,  the  jelly  concretes  into  a  ba)rd 


.  \ 
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transparent  brittle  mtes,  posseesuig  most  of  tbe  pro« 
perties  of  gum.    When  pure  it  is  colourless.    Bf 
long  boiling  it  loses  the  property  of  gelatinising  ofli. 
cooling. 

§  S26.  UlnUn  derives  its  name  from  a  spontaneoat 
exudation  from  the  elm ;  it  forms  a  constituent  in  the 
bark  of  most  trees.  Its  colour  is  dark  brown.  It  is 
insipid  and  inodorous.  *  . . 

The  colouring  mattisrs  of  vegetables  are  extreme!/ 
numerous;  only  three  have  been  particularly  ex* 
amined.  ; 

%  227.  Polt/chroUe  is  the  colouring  matter  of  saffi'om 
It  is  intensely  yelloW|  but  loses  its  colour  when  the 
aqueous  solution  is  exposed  to  the  sun.  When  it  is 
distilled,  an  acid  water,  and  a  lemon  yellow  oil,  int 
come  over;  then  a  darker  oil,  carbonic  acid  and  by* 
druretted  carbon  are  also  disengaged. 

$  SS8.  Hematin  is  the  colouring  matter  of  logwood  ; 
it  affords  small  brilliant  crystals,  of  a  reddish  wbite 
colour,  and  slightly  astringent,  bitter  and  acrid  fla- 
vour. Sulphuretted  hydrogen  passed  through  its 
solution  in  water  gives  it  a  yellow  colour,  which  dis* 
appears  in  a  few  days.  Gelatine  throws  it  down  im 
reddish  flakes. 

§  229.  ChlorophyU  is  the  green  colouring  matter  of 
the  leaves  of  plants.  It  has  lately  been  examined  by 
M.  iVf .  Pelletier  and  Caventou.  (An.  de  Chimie,  vol. 
Ix.  p:  104.) 

It  is  a  deep  green  substance,  resembling  resin  in 
appearance.  Iodine  and  chlorine  destroy  its  colour. 
Whffn  an  earthy  salt  is  mixed  with  the  alcoholic  solu- 
tion of  chlorophyle,  and  decomposed  by  an  alkaline 
sub-carbonate,  a  green  lake  is  formed,  which  preserves 
its  colour  on  bein^  kept  exposed  to  the  light. 
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The  bitter  taste  of  man j  vegetables  is  owing  to  the 
{irasence  of  peculiar  subetanceS)  distinguished  bj  the 
name  of  bUfer  prhcipki ;  a  few  of  them  hare  been 
particularly  examined. 

^230.  Quassin  18  the  bitter  principle  of  quassia* 
It  was  examined  by  Thomson*  Its  taste  is  intensely 
bitter.  It  is  solid,  slightly  transparent,  and  ofay  el« 
lowish  brown  colour. 

%  231.  Sdlliiin  is  the  bitter  principle  of  the  sdlla 
maritima,  or  squill;  it  is  white^  transparent,  and 
breaks  with  a  resinous  fracture;  it  is  easily. pnlYe<« 
rized :  its  taste  is  intensely  bitter. 
.  S  S33.  Caffdn  is  the  bitter  principle  of  coffee;  it  is 
semitransparent  like  horn ;  colour  yellow. 

\  SSS.  Yellow  bitter  principle  is  an  artificial  sub^ 
stance,  formed  by  the  action  of  nitric  acid  on  various 
vegetable  and  animal  matters.  Its ,  colour  is  deep 
yellow  \  taste  intensely  bitter ;  it  acts  as  a  permanent 
dye,  and  crystallizes  in  long  plates. 

%  834.  Picrotoxine  is  the  bitter  principle  of  the 
fiocculus  indicus  (menispernum  cocculus) ;  it  was  ex« 
amined  by  M.  Boullay  in  181 1.  (An.  de  Ch.  vol.  Ixxx* 
p.  S09}.  In  his  first  experiments  he  obtained  it  hj- 
adding  acetate  of  lead,  to  an  aqueous  infusion  of  thi^ 
berries  of  the  cocculus.  The  precipitate  was  separated 
by  the  filter,  and  the  liquid  evaporated  to  the  con« 
gistence  of  an  extract,  which  was  dissolved  in  alcohol^ 
and  the  alcoholic  solution  evaporated  to  dryness ;  tlie 
alternate  action  of  water  and  alcohol  was,  repeated 
till  the  residuum  M^as  completely  soluble  in  both.  It 
was  contaminated  by  a  little  yellow  colouring  mat- 
ter, which  water  dissolved^  and  the  picrotoxine  sepat 
rated  in  small  crystals. 

M.  Boullay  has  lately  renewed  his  enquiries  on  this 
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•ufastaBce  (se^  Annalg,  of  Philosophy,  yoL  xii.  p.  313)^ 
which  he  now  conceives  to  be  a  a6w  vegetable  alkali 
analogous  to.  mol^phia^ 

He  procui^d  it,  in  his  latter  experiments,  by  adding 
ammonia  in  excess  to  a  strong  infusion  of  the  seeds 
of  the  menispermum  cocculus,  which  at  first  is  Very 
acid;  a  white,  granular,  crystalline  powder  precipi- 
tated,  which,, being  washed,  dissolved  partly  in  al- 
cohol without  colouring  it,  and  separated  again  by 
spontkneoas  evaporation,  in  beautiful  silky  needles. 

The 'picrotoxine  was- also  obtained  from  another 
similar  infusion,  by  neutralizing  its  acid  by  boiling  it 
with  m^nesia;  the  filtejed  solution  became  -sensibly 
idkaliae,  and  a  greyish  deposit  collected,  which,  by  the 
aetion  of  alcohol,  afforded  crystals  similar  to  those  of 
the  former  process. 

Pictotoxine,  thus  o))tained,  had  only  a  weak  action 
on  vegetable  colours,  but  readily  dissolved  in  acids^ 
and  formed  with  them  neutral  salts.  The  acid  of  the 
infusion  M.  Boullay  supposes  to  be  peculiar,  and  that 
it  exists  in  the  memispermum  cocculus,  combiyed  with 
the  picrotoxine  as  a  supersalt. 

If  the  secondseries  of  experiments  be  correct  (which  ' 
there  seems  no  reason  to  question)  the  substance  ob- 
tained in  1811  must  bean  acetate  of  picrotoxine ;  and 
it  is  not  improbable^  that  many  substances  which  have 
been  obtained  in  a  similar  manner,  by  employing 
acetate  of  lead,  may  in  fact  be  acetates  of  bases  not 
hitherto  known  in  their  pure  form.  This  may  perhaps 
be  the  case  with  the  daphnin  of  M.  Vauquelin. 

§  235.  Daphnin  is  the  bitter  principle  of  the  daphne 
alpina.  It  was'  obtained  frpqi  its  bark  by  M «  Yaii- 
quelin,  by  mc^ns  of  acetate  of  lead.  (Annales  de 
Chimie,  vol.  Ixxxiv.  p.  174.)    It  has  the  form  of  small 
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Bft^d  triwAfmr^iit  erystels  of  i^  pejiilk  e(ikmi,iM  iMf 
Wtt^rttete. 

|ieS6.  Morphia  was  obtaiaed  from  t^j^nfr  Bjr  M.^ 
S^irtttnrerw  It  in  cokmrless ;  Hi  ioltltiw  \»  tetf  bHler, 
^tld  jblds  sbort  fimr^sided  r^etangiAlr  pjrrt^itiidai 
6tyitAhf  occ'asibnally  united  base  to  bam»  and  Ibrming;' 
bctohedra.  tt  combines  readfly  with  acids,  and  ibrnifr 
iie'utHil  s&lts.  Subcarbonate  of  morphia  is  m&te  solu- 
ble than  morjphia.  The  figure  of  its  crystals  iK  hat 
determined. 

The  carbonate  crystallizes  in  short  pristiis: 

The  acetate  in  soft  prisms,  very  solnble. 

The  sulphate  in  arborescent  crystalsi  very  sohible. 

The  hydrochlorate  in  plumose  eiystals,  ftniCh  les^ 
soluble;  when  evaporated,  it  concretes  into  a  shining 
white  plumose  mass  on  cooling. 

The  nitrates  in  prisnTs  grouped  toother. 

The  submecoiiiate  in  oblique  prisms,  sparitigl^ 
soluble. 

The  tartrate  ill  prisms.  " 

Morphia  acts  with  great  energy  on  the  atrfinal  sys- 
tem, producing  fiushings,  pain  in  the  head,  giddines^, 
stupor  and  nausea.  The  symptoms  appear  to'  b# 
alleviated  by  the  use  of  magnesia.  Morphia  is  sepe^ 
rated  from  its  combinations  by  ammonia.  v  ' 

.  §  2S7.  Vauqueliney  so  named  in  honour  cf  Ae  eelif" 
brated  French  philosopher,  was  discovered  by  M.  M. 
Pelletier  and  Caventou,  iri  the  beafi  Hf  St.  Igndtiu^, 
and  the  nux  vomica.'  It  is  while,  and  cryslallizes  ill 
four-sided  plates  or  prisms;  its  taste  is  intensely 
bitter';  it  resembles  morphfa  in  its  alkaline  njM^erties.  1 

(An.  de  Chiinie,  vol.  viiL  p.  383.)  ' 

§  238.  Nicotih  exists   in    the  •  leaves  of  tobpccp, 
'(nicotiana  lati|biia.)    It  is  colourless,  has  an  acri^d  '| 
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tftftey  waA  dM  pecttlttur  sioeU  of  tobacp^    It  ooonkmi 
tiofent  sne^Agv  > 

^  M9.  SstPaeHve^  Tlitnard  Md  maiiy  other  eh^ 
lookup  dottbt  Ae  txkiBme'  of  a  peculiar  principle  to 
Wlikli  this  nmne  can  wiA.  pvop^ety  be  applied.  The 
term  extract  orig^naU j  nveeiit  all  those  tub6ti|iicea 
irhich  were  e:|tracted  Stom  pfainta  by  means  of  wateri 
and  remained  in  a  dry  mass  after  the  water  was  eva- 
ponrted*  It  ie  obvioas  diat  sadi  a  product  must  be 
very  compound,  and  Tarjr  with  the /nature  of  the 
l^iits  from  whieh  it  is  obtained.  Rooelle.  divided 
extracts  into  three  classes:  mucilaginous^  resinottf 
aad  «ap€maoeou3»  The  first  are  soluble  in  wat^; 
the  second  in  alcohol,  and  the  third  ia  both,  Four^ 
9wdy  and  Vauquelin  consider  that  one  peculiar  prin- 
ciple is  the  jbasis  of  all  the  three,  to  which  their  mosii 
dmraclerifltic  prq^erties  are  owing,  though  each  19 
jtaidered  impure  bj  the  mixture  of  other  substances  ^ 
«id  this  they  call  the  extractive  principle.  Schrader 
tq^Kwed  it  to  be  identical  with  Rouble's  saponace^ 
oaa  extiact.  This  subject  is  still  involved  in  eon4 
aideralde  obscurity,  but  it  would  be  improper  net  to 
state  the  characters  by  which  this  principle  is  sttp-« 
posed  to 'be  distinguished,  though  even  in  that  respect 
chemists  are  not  decided.  Vegetable  chemistry  kyei 
in  its  in&ncy;  as  it  advances,  it  is  most  likefythat 
IDMIT  .ub8tai.ee.  now  regarded  as  peculiar  proximate 
principles  will  bo  struck  out  of  the  list,  and  others 
admitted,  whose  existence  is  at  present  unhnown  to 
us,    I  shall  state  the  properties  as  detailed  by  Dr« 

It  is  solid,  and  transparent  when  obtained  by  slow 
evaporation,  with  a  strong  taste,  differing  according 
to  the  plant  from, which  it  is  obtained^  insoluble  in 
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uhsduU  alcohol)  (a)  but  solttUe  in  alcobcd  wlten  it 
contains  water.  By  repeated  solbtioiia  and  en^n* 
thn^j  extractive  acquires  ift.  deepiir  colowp,  and  be- 
comes insirfuble  in  'water;-  wool,  cotton,  or  thread 
impregnated  with  alnm-are  djred  <»f «  fawn  colour  by 
extractive ;  when  distiped,  it  yeAis  an  acid  liquid  im* 
preg^ated  with  ammonia. 

- .  §  S40.  Emetin  is  obtained  from  ipecacuanha ;  it  is 
in  the  form  of  brownish  red  transparent  scales;  !&•' 
odorous^  bitter,  and  slightly  acid. 

V241-  Asparagin  is  obtained  from  the  juice  c^  as- 
paragusi  It  crystalliaes-  in  white  transparent  Thom- 
botdffl  prisms ;  it  is  hard  and  brittle ;  its  taste  is  cool 
and  slightly  nauseous. 

"■  %ii2.  Cera$in  is  obtained  from  gum  tragacanth;. 
or  rather,  according  to  Thomson^  that  substance  k» 
pure  cerasin.  It  is  solid,  with  the  appearance  and 
taste  of  gum,  swells  up,  and  becomes  transpareat 
and  gelatinous  in  water,  but  d€>es  not  dissolve ;  when 
the  jelly  is  triturated  with  pure  water,  a  homogeneott» 
mucilage  is  formed^  containing  one  per<;ent.  of  cenasin* 
It  is  .this  solution  to  which  the  action  of  themetalUc 
salts  in  the  tables  ref^. 

§  8#S.  Inulin  is  obtained  from  the  roots  of  tM 
inala  belenium,  (elecampane)  ;  itis  in  the  form  of  a 
white  powder,  like  starch.  When  distilled  it  yields  a 
brown  acid  liquid,  but  no  oil.  It  melts  on  hot  coals^ 
and  emits  a  thick  smoke  with  an  odour  resembling 
that  of  burnt  sugar.  ^     • 


(a)  It  would  have  been  mudi  more  satiafactory  to  have  itated  in  th« 
annexed  tablet  the  spedfic  gravity  of  the  alcohol  employed ;  bat  it  is 
so  seldom  mentioned  by  the  authors  th»t  I  have  been  obliged  to  omit  it. 
Much  confusion  might  be  avoided  if  it  were  a  matter  of  course  to  def- 
ine Its  stren^h  whenever  that  re-agent  it  employed. 
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:  §  044*  Skttck  iff  obtained  from  wbeatflour;  it  it 
wfaiie,  instptdy  inodocous;..  audi  usually.,  coucrote ; 
finmarA^a^rt  of  jeUy.vtdi  ianoling  water,  from^. which 
/tJie^atarcb  dofviy  separates^ iaad.£itts  down«  .Starch 
undergoes  jio  chftng&lijr long  keeping.in  dry.air.  .i 
k  S45.  Indigo  ia  the  qpiroduce  o£  the  indigofera 
.tiMloria,  and  other  species  of  ..the  indigo,  plants ; .  itii 
.obfaiiied /nam  the  ieavea..  It  is. a.. fine  Jight  friable 
lavhslaince  of  a  deep  blue  .colour ;  it  is  not  altered  by 

eKpoaiire'tO'tbeair*  .  :  ..     s  .,.    . » 

. . '  %'S16.  <  Ghten  is  .obtained . from  wheat  flour;;  it  is 
l^jy  /tenacious,  dufitiie,.  and  daatia.; ;.  soont  deeom* 
poses  if  kept  maistjn  contact  widi. the  air,  and^emits 
'an  offiBHsiv.e  odour,  like  that  of  putrid  animal  malteri 
i  \  JMf  »  Pfdknin ,  iM  obtained  from  the  pollen  of  the 
lunna.  syivestris ;  it.  is  .yellow,! and  has  neither  taste 
JBeff^asieUi' 

' :  4di8/  VegtiaUeJlbrin  was  obtained  by  YaufquelfA 
'Aem  the  juioe  e(  fhe^)>tfpaw  tree,  (caHtsa  paflaya);  it 
has' a  greasy  appearance,  softens  in  the  air^  andbe^ 
4x>nies'Tiscid,  lyrown^,  and  semi-transparent. 
.  '  i  8^.  Fixed  oils  are  found  in  the  seeds  of  phnts, 
and  in  the  pulp  which  surrounds  the  stone  of  som^ 
fruhs,  -as  the  oIito*  They  are  4uid  at  moderate  tern- 
.peratores, .  but  congeal  at'3S°,  and  «ome  even  above 
thai  temperature  i  when  pure  they  -are  transpairenti 
eohftorless^  and  almost,  'without  taste*  *  They  ar6 
lighter  than  water,  and  Jio  not  combine  with  it ;'  boil 
at  600° ;  absorb  oxygen,  by.  exposure  t4>  the' air,  and 
become  rancid  ;*  they  born  readily  withfluine.  fixed 
oils.QMnbine  with  severaLmetallic  oxides,  and  #ith 
sulphur.  They  also  disserve  phosphorus,  and  the 
iiqqtid  is  luminow  wheq  exposed  t<>  the  air.  Tbi^ 
combinef  with  mucilage^ 
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\SSO.  JTiu^  is  fcud  on  ihe  rarfiiM  «f  tli0  lMVe» 
of  flome  iilaQt%  as  tiio  myriM  emfera;  it  potMstw 
dl  the  properties  of  bess*wak,  ^  solgeet  of  tUs 
seekioii.  Wax  is  wUte^  insipid,  and  nearly  iAodermp'^ 
not  altered  in  the  air;  melts  at  about  155P. 
^  i  SSL  Vdame  oik  vote  nsurily  obtained  bf  dis- 
tilktion  from  the  flowers,  froit,  stesss,  and  iswdosd 
every  part  of  aromatic  plants,  except  tim  eof^MoM 
oftheseeds.  Thej  are  as  Tarious  as  the  {tofH  wiueii 
afford  them;  each  is  distinguished  by  t  peeafMar 
odour,  dscrived  irom  the  peculiar  essential  oil  it  odqh 
tains*  Hence  we  must  confine  oundves  to  a  des9ip^ 
tieii  of  their  general  properties ;  an  ennmerotion  of 
eadi  variety  woald  be  almost  impossible.  Some  of 
the  essential  oils  are  contained  in  distinct  vesicles,  and 
msy  be  obtained  hy  npere  pressure,:  such  as  those  of 
the  orange  and  lemon  peel^  they  are  in  genesdi 
lighter  tiian  water,  a  few  Only  Ai  the  <S1  of  dtiNres 
fuid  cinnamon  are  heavier  than  Aat  fluid  $  they  are 
volatile  at  a  temperatufo  below  Aat  0t boiling  water; 
are  generally  thin  fluids,  sometimes  viscid ;  some  of 
them  become  sdUd  at  moderately,  low  temperatures^ 
others  retain  the  liquid  form  at  the  most  intense  cold« 
When  exposed  to  the  air  the  essential  oik  gradually 
lose  their  smell,  absorb  os^gen,  and  become  thid^ 
and  almost  concrete,  and  an  add  crystalline  substaneo 
separates  from  them*  They  are  more  inflamnmMe^ 
and  their  tombustion  is  more  intense,  than  that  ef  the 
fixed  oils.  They  dissolve  mdphur  and  jAosphoros,, 
and  imite  in  small  proportion  with  sugar  and  mueil«- 
age#  The.  essmitial  oils  may  he  distinguished  fifoaa 
tjfe  fixed,  with  which  they  are  frequentiy  aduUenited^ 
^  ttcirftdtthUity  in  alc(diol|  and  hj  thdr  leaving  nst 


after  exposure  to  heat. 

•  |'862.  C^«{f^  »««  HtM  <^r$fuU^  ^x^mJQed  by 
Ji$^mMm$  wiip  dialed  that  its  propertijes  ^nt^tle  it 
Ho  b^  coBsiclfiirpd  ^  ^  p^^i^r  yeg^tabV  principle,  s^ 
fiat  eilj^^  as  a  r^^  or  volatile  oil,  wi^l^  ope  or  x>t\ii^ 
4>(  w}^  U  was  usually  classed-  Jt  i^  pbtaip^d  &Qm 
4h^  iau^uf  ca^mphpraj;  it  is  a  white,  brittle  substan^c^ 
fit  posw^  of  a  certain  Regrets  of  tou^rjiQ^a^;  ^g 
taste  is  acrid,  and  odour  peculiar;  its  vol^tUitj  yerj 
fpfmti  it  eyea  e?^[M)rate8  eotirdyiyhen  freely  lex- 
p^s^d  to  the  air :  wh^u  sublimed  ia  (Ips^  vpssds  i|t 
K^adepses  ifi  htafag^^l  plates ;  from  ft  so^utioi^  ia 
alrojipl  it  .separates  ia  pluipose  crystals,  Ca^phef 
iMm.  ft?  I?a4ily,  and  eve<i  burp«  oo  water,  ^  small 
piece  of  camphor  laid  on  the  sur&ce  pf  q^ite  4til)l 
m§^T  spoD  begiuf  to  contr^ict  a  circular  ^lotion  on  its 
j^u  ims,  irhich  gprad^y  b^gmes  mora  rapid  tiU  ^t 
lunif^  ty^ith  popsid^rable  yelo^ity^ 

Xh^  sainp  phempm^na  o^c^r  wi^  b^v^zoic  a^d  and 
miliy  othei?  odpronp  substances  under  similar  circuin- 
^tiWMf    (I^ielioIsQfi's  JwfWif  3vp.  vol.  i.  p*  51^) 

i  959^  Uiri'lin^  is  bo|h  a  patural  and  ertificial 
-ptpd^ct;  thP  fwpepr  is  found  m  the  (epidermis  of  thp 
jf^^m  vmmj  ^hp  latter  is  fprvA^d  from  t|ip  piiddjlf 
bark  of  the  holly.  .    . 

1i^  IspWpr  pf  natHra)  birdrl|nie  is  gire^ ;  it  is  jn« 

odprp^s  »nd  wwpy>  f^ry  ^A^^m^  w4  «pftew  by  |))(|» 

hMt  of  the  hpAd  ;-^by  .1^  hv;|b^F  beat  it  melts,  sw^jju 

up,  .and  bpiw  iviHl  cppsidenrtde  flamp.  ]^t  doi^s  n/i^ 
Womp  hard  or  brittle  by  e:|posiire  to  tl^  air.    7!?P 

prppestipi^  pf  artiftaj^  Wrdrl^iM  arp  yfry  simUiir  ip 
.  i:olp)^i  %W9MjrM.  i  it  J(iv  jbpsides  a  pour  fl|tyoi|r| 
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and  reddens  litmus  \  its  taste  is  sometUiig  lil»  tbal  of 
Unseed  oil.  .     > 

§  854.  Resins;  this  is  a  rerj  nnmerous  class;  indieir 
general  properties  resins  are  distingnislied  fagr  hmg 
bifittle,  slightly  transparent,  and  usually  of  a  yeHowisk 
colour.  When  pure,  they  are  inodorous,  with  a  ratiier 
acrid  taste.  They  are  all  capable  of  becoming  e^eetrie 
by  friction,  and  exhibit  negative  electricity.  They 
are  beavier  than  water,  but  the  specifit  gravity  varies 
in  different  resins.  ' 

According  to  a  {able  often  species  given  by  Thomson^ 
from  Brisson^s  and  his  own  experiiveBts,  the  lightest 
is  that  of  elemi,  which  is  1.0182  and  the  heaviest 
that  of  tabaaum,  which  is  1.1668.  The  mean  of  the 
ten  is  1.0778.  Resins  melt  by  heat,  and  burn  with  a 
strong  yellow  flame  and  much  smoke.  ' 

%  255.  Guaiacum  is  obtained  from  the  guaiacum 
officinale:  we  are  indebted  to  Mr.  Hatchett  for  demons 
atra^ng  the  peculiar  nature  of  this  sdbstanee^  which 
previous  to  his  experiment  was  considered  as  a  resin*. 
It  was  particularly  examined  by  Mr.Brande.  Guaiacum 
is  solidand  resembles  resin  in  appearance.  It  becomea 
green  by  exposure  to  the  Ifght,  but  loses  that  colour 
when  heated.  It  is  almost  insipid,  but  has  a  rather 
fragrant  odour  when  pounded*  It  melts  by  heat;  ita 
specific  gravity  is  1.8889.  * 

§  S56.  Bakams^  in  the  present  acceptatim  of  the 
term,  comprehend  two  classes  of  substances,  the  one 
fluid,  the  other  solid  and  friable.  The  name  was  first 
applied  to  the  substance  called  Bahh  of  Gilead,  ob« 
tained  from  the  amyris  gileadeniHS.  -  It  was  after- 
wards used  to  denote  those  resinous  matters  which 
^flbrd  beneoic  acid  when  heated,  and  this  property*  ia 
pne  of  the  chief  characteristics  by  which  balsams  ar<i 
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tlistinguidhecl  from  resins.  They  have  frequently  been 
regarded  as  compounds  of  resins  and  benzoic  acid,  but 
the  latter  according  to  Hatchett  is  more. probably  an 
artificial  product.  . 

'4  IK7.  Gum  Resins  are  iBxudations  from  certaia 
pfents^  which  become  hard  by  exposure  to  the  air ; 
thtyvixe  usually  neairly  opaque,  brittle,  and  have  some- 
times a  §aitiy  appeanifice.  They  soften  by  heat,  and 
«trdl  up  and^buni  with  flame. 

They  are  very  odorous,  and  have  a  disagreeable 
acrid  flavour.  They  are  generally  heavier  than  resins. 
Goto  fesiQs,  ^Stthe  name  implies,  have  been  considered 
as  compounds  of  gum  and  resin ;  they  contain  a  volatile 
isubstance,  something  beWeen  essential  oil  and  resin, 
tOMvhich  the  mitkiness  of  the  compound  thby  form 
with  water  is  owing;  the  other  constituent  possesseis 
the  properties  of  e:^tractive  rather  than  those  of  gum. 

§  268.  Caoutchouc,  commonly  known  by  the  name 
of  Indian  or  Elastic  Rubber,  is  obtained  from  a  milky 
•  juice,  which  extides  from  the^  hoevea. caoutchouc  and 
other  trees  of  Brazil  and  the  East  Indies,  when  punc- 
tared :  the  juice  thickens*  by  exposure  to  the  air,  and 
affbrds^the  caoutchouc.  Chlorine  causes  the  imme- 
diate fM*eeipitatioBef  caoutchouc  from  the  milky  juice, 
and  when  eonfined  in  a  vessel,  filled  with-  common  air, 
the  oxygen  gi*adually  disappears,  and^  a^  pellicle  of 
caoutchooe  forms  on, the  surfhce  of  the  juice;  hence 
Its  iiispissation  is  evidently  connected  with  its  absorp- 
tion iDf  oxygen.  ^Cabul«houe,  ^when  pure,  is  white, 
insipid  and  inodorous,  soft,  pliable  and  extremely 
elaatie;  whati  .suddenly  and  forcibly  extended  there  is 
a  ivei^seaalde  ey<dutton  of  heat,  but  the  caoutchouc 
inniediajteiy  irecorors .  its  forkner  temperature  and 
<^9)eA8i9jB«.a9  soon  as  theiirce  is^ r^moy^    It  MSen 
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po  change  by  exposure  to  ib^  tir,  indtf  readily  bf 
beat,  ond  loses  its  former  properties;  it  bums  wilk n 
JiMright  flftioe,  giving  Dipt  a  disagreeable  sumU,  and  trbeii 
disti^ed  it  yields  ammojiia.  la  additioD  to  the  fr«r 
eub^^nees  mentioned  in  tba  table  as  eapaUe  of  dis- 
sokiog  ofliDutchovio,  may  ba  addadrMi^ed  petnsieiuii^ 

.  whicb  nocordiag  to  Fabroni,  Itaxr^  it  OMlterad,  wliep 
driven  off  agaip  by  t?apon|tiM* 

From  its  perfect  insolubility  in  vnt^r^  oaoiiMimp 
haslatefy  been.sobstitoted  for  igvaw  lit  the ^naniifii^ 
tore  of  hats :  thoee  known  hgr  <bo  oa«e  of  'CoUiaa4»!a 
water  proof  hats,  are,  I  am  iftSmnod;  prapalred  MA 
Ihit  substance* 

h  259.  Suber^  as  it$  wuim  dMotes^  is  a  pef^dmr 
vegetable  princi|4o  ^oa^mfd  ia  ^  bsiili  of  tba  coifc 
tree  (quereui  saber).  U  is  ligb^  aoft  aad  elaatiey 
barns  with  a  bi%t|t  iofEie  ond  yie)da  aanttOBia  hpr 
distillalion.    It  appears  that  saber  is  not  the  produco 

merely  of  the  eofk  tree,  sinca  Pmfesser  Liockobteioed 
ffoberie  acid,  by  tbaae^n  of  ni^  wid,  onihapiHi 
of  eldar,  aM^ob  |iapar*  iio  aaBcmwei^  it  to  ba  jipaca* 
liwr  ilirp'wrtfsisiiit  of  eqpotable  asembraae,  to  fiomish 
aaberic  aeid.^  ^    .     : 

V  ^2aOrQAr€iM2fe  waa  obt^^  by  Dr.  J^a,  from  Om 
pith  of  tba  empower  (haliantliai  anmios)  and  olhar 
plants*}  iti$  insipid  aad  inodoraas,  has  a  pmmia 
te^cturo,  and  aC^vds  ammonia  by  distillation. 
^  MU^^fK^aij^m  wa$^  jtbrcp  may  be  eonsidarad as 

.the  skeleton  <o£'ti«a,  and,  of  tiie  graster  wambar/iof 

phmtsia  g^naM^ 

,  It  iatirfiaqdnirat after  every' thing  sc^abla  in  mater 
and  aieaholtelicieii  removed  by  Urn  aoeeassive  aetioa 
ef  thane aysntSt:   Ite textme is -filmwee  ^ihwaans 

jarraog^  Idiigitiulinally,  and  may  aanly  bo  sepaaaM 
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JBpom  ^9iA  otbar.  )t  it  diirtitiite  ^  snidtt  and  ttvite^ 
.uit  Hufl^  no  eluwge  by  «]^pmiife  to  thfB  air*  It  Aqe» 
inot  melt  l^j  hes^t^  hut  tieeaom  b)a«k.aiid.Q3iilMil9&  ii«ridi 

fiimes ;  by  distillation  it  yieUb  an  adid  liq«oiv  wJ»ck 
.tirae  at  fir«t  ^trnMens^  peimliar>  und  icaUad  tke  pfro- 
4iKii«o«»  puidf  Init  sii1mq«eat  experitteal*  hafeptov^ 
jt  to  be  inevaljr  4^qata«s4Mid  kniMd  with  etnfyiwwnMytie 
fC^U  This  acid  is  obtaittBd  ia  large  qoratitiea  ia  tha 
IpiUfOfati^a  af  abiriseal  finr  the  manufiieture  «f  fiinr 
|M0i«dar|  md  bat  ktal^  beM  purified  and  mada  uff^ 
/(^l0  t«>  aU  the  puriMDses  for  H^liidi  aeetio  aeld  ia 
employed ;  see  l*lmard,  vol.  iii.  p.  60^  for  die  mtrfhod 
j»f  puHfyi^  pyr^igaeoae  acid» 

V9e8«  i^i9fiiii8>oiiiaAuigi,wbat  woody  fiire if 
to  ir«es»  It  ia  wbite^  toft,  aod  iatipidy  busos  laadify 
wbwdriad^  a»d  leaves  a  (i»tdiUinahiaiy4)af0ist»g 
4df  pboBpbata  ^  Ume.  It  yields  by  daetillatMi  esof^ 
^inaailPAtie oil,  aaivM>iHa>  aAdacalala af  ammonia. 
.  \  968^  Tte  teeigai  sabslances  fiHiad  ta  |daa«i^ 
iafbkb  imdier  bdisng  to  tha  mineral  tban  tba  ^FogeteUa 
Jiingdom^  have  baaadcacrihed  is  tha  -fooaar  parts  of 
tbis  aoliiine*  U  iBmBtefy  Bjsstsaijy  in  Hm  pliaa  ta 
.aaina^n^te  tliem. 

:  Tbey  canost  of  tba  phaspbone,  ^^fOibdiadtf  sab- 
.^mric,  aitricy  aad  earbonic  aaidsy  (genciidtf  m 
biaation  wsA  bases,  fominf  nevind  salts  ^)  pati 
aod  sada,  silica,  lime,  magnesia  and  akanioa*  MiBiita 
.partions  af  tratt  and  manganese  have  also  bean  obi^ 
tained  Aaas  Him  asbes  of  aame  veyahiblafc 
,  A  method  bas  lately  been  annornieedbgrH.Bssebier 
*af  Oeneva^iar  dissaaering  yotnssain  ysfslah>fs,iiift^ 
•out  tim  nasBsiity  of  first  Tedodng  the  plantta  asheSi. 
fli  cwwtB  te  boiliiig  ^gettUe  jaiee  wiMi  aa  eneem  af 
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pure  magnesia,  aadsepafftting*  the  insoluble  magnesmi 
salt,  generally  an  oxalate  or  a  tartrate,  by  the  filter; 
The  potawa  remaioa  hi  soIutioH  in  the  dear  liqmr  in 
tho-stale^sttbcarbonatew    ^ 

Ifognesia  being  incapable  of  decoitiposing  the  stil* 
phate.  and  nitrate  of  potaesa,  the  alkali  cannot  be 
detected  by  this  process  in  plants  in  wkidi  it' exists  m 
either  of  those  forms,  as  is  the  case  in  the  oommoii 
homgQ  (borago  officinalis),  wh^se  jidce  deles  nOtf&ddeii 
ioftision  of  litmus;  butit  isseldoitffeundinftegetabiea 
in  that  state  of  combination.  (An*,  de  Chimiej  V(d»  is. 
p*  99,  neW  series.) 

Such  are  the  general  chavadietfs  of  the  most  im^o>w 
<ant  of  the  proxitnate  vegetable  primeiples,  and '  it  in 
essentially  necessary*  to  the  young  cheorisl,  who  w^uld 
aocoinplisb  bimself  in  this  species  of  aaalysis^'  to*  bef- 
•comeF.wett  acqaamted  with  them  by  stady  and  expert* 
roent;  It  is  nel  poMblei  i»  thepreiaiit  stale*  of  the 
stience,  le^i?e  any  general  rulea  ihat  may  be  appli- 
cable to  every  case.  Thk  branch'  of  it  is  yet  in  its 
in&ncy,  avd  mifeh  lemaiK  to  be  ddne^  not-  only  to 
Tender  it  perfect,  bet  >e van  to  plane  it  on  the  same  levcfl 
that  the  analysis  of  inorganic  matter  has<  alies^  al« 
tained.^'^It  is 'not  perhaps  to  be  expected  that  it  will 
ever  rival  the  accuracy  of  that  departitfent  ofdemistrir, 
but  us  its  importance  is  daily  itnore  appreciated^  so  it 
is  evidently  making  ta|Hd  strides  of  improvement, 
witness  %he  recent  discoveries  of  morpbia^ '  meeonic 
acid,  picrotoxine,aiid  several  other  eubstances. 

With  respect  to  a  general  form)ula,  Dolj»«dae  one, 
as  I  have  said'  already,  can  be-  kid  down ;  but  nso- 
ally  in  ^the  examination  of  a  vc^table  substance,  it 
is  first  submitted  to  the  action  of  water^  and  when  all 
the  matter  soluble  in  that  fluid  is  removed^  it  is  tjpeated^ 
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«ilcoe|8ively  with  alcobol,*^  c^her,  «cids,  (clm%*  liid! 
acetic^  or  dilated  nitric)  and  a  solntion  of  potaeeai  or 
toda^  ami  the' substances  separated  l>y  eacli  of. these 
aolrents,  must  be  then  submilted  to  >  rigorous  *  and' 
careful  exatnination.  'Their  respective  natuves^w^ill 
be  ascertarned,'  by  comparing  the  results  on;  the  «t|»pli». 
eation  of  appropriate  teats,  »withvthe  characters  of  the 
various  substances  detailed  in  the  preceding  ps^ges.. 
>  /  §^  Sdiv  I  subjoin  Mr.  Hatehett^s  examination  of  shell* 
lac,  as  an  accbtnplfriied  specimen  of  proximate  ana* 
lysis  of  a  iregetable  substance,  which  will  be  highly 
nsefol  to  the  young  student. 

f  The  paper  from  which  it  is  extracted,  is  printed  in 
the  Transactions  of  theRoyal  Society  for  1804,  p.  19L 
'  An  attentive  perusal  of  tbitressay  (as  wril  as.  of  Mr. 
ilatehett'&  other  labours)  cannot- be  «toO'«tro|igly  re* 
eommended,  whether  as  a  comprehensive  history  of 
the -subject  of -which  it  treats,  or  as  an  instructive  ex* 
ample  of  philo80()hical  investigation,  equally-  adipi* 
r.ble  for  its  ingenuity,  »nd  tke  ciearaess,  wcuracy,  .nd 
precision,  ^withwbidi  the  results  are  detailedU 

^  A.  500  grains  of  shell-lac  were  first  iceatedArith 
suoe^Bsive  portions  of  boiling  di^illed  water,  till  it 
ceased  to  be  coloured ;-  the  whole  of  the  aqueous  sqIu- 
tioii  "was  then  evapor^Eted,  and  left  a  deep  red  sub- 
stance, which  possessed  the  general  pcoperlies  of 
vegetable  extract,  and  wreighed  2.50  gvains.    > 

B.  The  497.50  grains  which  remained ,  w^e  then 
digested  with  different  portions  of  ceAd^  alcohol,  until 
this  ^sased'to  produce  any  effect ;  the  resin  which  was 
thus  separated  amounted  to  403.50  grainsi^     - 

C.  As  the  a|peU*lac  bad  not  been  reduced  tn^  pow* 
Jer,  but  only  into  Jmall  fragments,  these  were  become 
white  and  elastic,  and  when  dry  were  brittle,  aqd  of 
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turtsc  a^ ;  tnd  tbe  acid  after  beisg  satiurated  witk 
•oltttion  of  carbonate  of  potash,  afforded  a  flooeiilen^ 
precipitate,  (reflemUing  that  obtained  from  solutioiif 
•f  vegetable  gluten,)  which,  wiiea  diy,  we%bed  ^ 
grains. 

£•  Alcohol  acted  hot  feeUy.  on  the  reaidnimi;  U 
was  therefore  put  into  a  matrass,  with  three  ounces  of 
fiCetic  acid,  and  was  suffered  to  digest  without  heat 
during  six  dajs,  the  ressel  being  at  times  geiitly 
shahen ;  the  acid  thus  assuaied  a  pale  brown  colour, 
and  was  very  turbid.  The  whole  was  then  added  tq 
half  a  pint  of  alcohol,  and  was  digested  in  a  sand 
bath ;  by  which  a  brownish  tincture  was  formed,  an4 
at  the  same  time  a  quantity  of  a  whitish  ftocculeat 
substance  was  deposited,  which  being  ccdlected,  well 
washed  with  alcohol  on  a  filter,  and  dried,  weighe4 
SO  grains.    ^' 

This  substance  was  white,  light,  and  flaky,. and 
when  rubbed  by  the  nail,  it  became  glossy  like  wax  ; 
it  also  easily  melted,  was  absorbed  by  heated  papen 
and  when  placed  cai  a  coal  or  hot  iron,  emitted  s^ 
smoke,  the  odour  of  which  very  mueb  resembled  that 
^  wax,  or  rather  spermaceti. 

F.  The  solution  formed  by  acetic  acid  and  alee]u4 
being  filtrated  was  poured  into  distilled  Wator>  which 
immediately  became  milky,  and  being  heated,  tiid 
greater  part  of  the  resin  which  had  been  dissolved 
assumed  a  curdy  form,  and  was  partly  separated  by  i| 
filter,  and  partly  by  distilling  off  the  liquor;  this  por» 
tion  of  resin  amounted  to  dl  grains*  > 


6.  ThB  filtnLtad  li^ot^^from  which  this  resii  had 
been  separated,  was  saturated  with  a  splatioo  of  Gfl:r« 
IxHiate  of  potash,  and  b^tig^  heated,  a  decMid  preletp^ 
tate  of  .gluten  was  obtained,  which,  when  wrtldteiti^ 
weighed  9  graftta. 

I'he  500  grains  of  sheli-ke  ftw  jtelded, 

A.     Extract    ••••••        2.50  grains. 

p*\Reirift       ......    454.50 

^'IVefStabk  gluten    .    4    .      14. 
£•    Wax    •••••#•-  20. 
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The  shelUi^c  being  in  small  fragments,  and  not  in 
the  state  of  a  powder^  considerably  fucilitated  the 
ciecantatioi^  of  the  solution  in  alcohol  from  the  resi« 
duum;  and  although  in  this  last,  a  portion  of  th0 
resin  was  protected  from  the  action  of  the  alcohol  bj 
being  enveloped  in  the  gluten  and  wax,  yet,  by  the 
assistance  of  acetic  acid,  the  remainder  of  the  resin,  as 
well  as  the  whole  of  the  gluten,  was  dissolved,  the 
wax  was  obtained  in  a  pure  state^  and  a  separation  of 
the  resin  from  the  gluten  was  afterwards  easily  e& 
fected^  by  the  method  whi€h  has  been  described*  As 
therefore  ^cetic  acid  is  capable  of  (^issolvi^  resin^ 
gluten,  and  many,  other  of  the  vegetable  principleS| 
it  certainly  may  be  regarded  as  a  very  useful  solvent, 
in  the  analysis  of  bodies  appertaining  tp  the  vegetable 
kingdom/' 
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DIVISION  THE  THIRD. 

Of  the  Proximate  Principles  of  Animal  Suhstarices, 

k  265.  Gelatine  is  usually  prepared  from  the  skin  of 
animals.  Common  glue  is  gelatine  contaminated  with 
impurities,  to  which  it  owes  its  colour.  Isinglass  is 
gelatine  nealrly  in  a  state  of  purity.  Gelatine,  when 
quite  pare  is  semitransparent,  and  colourless,  hard, 
brittle,  and  breaks  with  a  gla^y  fracture:  it  has 
scarcely  any  taste  or  smell,  and  is  heavier  than  water. 
It  swells  up  when  put  into  water,  but  does  not  readily 
dissolve;  but  after  it  has  been  softened  by  this  process- 
it  is  readily  soluble  in  warm  water.  Dry  gelatine 
suffers  jio  change  by  keeping,  but  it  soon  putrjfies^ 
when  in  a  moist  state ;  when  heated  it  curls  up  like 
horn,  and  becomes  1;^lack. 

§  366.  Albumen  is  the  most  frequent  of  the  prox- 
imate animal  principles.  The  white  of  an  egg,  which 
is  the  substance  whose  properties  are  detailed  in  this 
section,  is  almost  pure  albumen ;  it  howevei^  contains 
besides  some  mucus,  soda,  (whence  it  turns  syrup  of 
.violets  green)  and  sulphur. 

Albumen  is  heavier  than  water.  One  of  the  prin- 
cipal characters  of  albumen  is  its  property  of  coagu- 
lating by  Beat :  this  effect  takes  place  at  the  tempera- 
ture of  about  I6(f  •  It  suffers  no  change  either  in 
volimie  or  weight  by  coagulation;  but  it  becomes 
insoluble  in  water,  and  is  altered  in  respect  to  its 
flavour.  If  previously  diluted  with  a  large  quantity 
of  water,  it  ceases  to  be  coagulable,  which  according 
to  Dr.  Thomson  is  owing  merely  to  the  separation  of 
its  particles  to  a  certain  distance  from  each  other;  for 
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when  they  are  made  to  approadi  again  by  evaporating 
tfie  fliiidy  the  alfoamen  coagidates  as  bc^re. 
'  Dr.  Thotiifton  attributes  the  coagulatioa  of  albumen 
to  the  separation  of  the  alkali^  as  silica  gelatinizes  when 
hydrochloric  acici  is  added  to  a  solution  of  silicated 
potassa.  In  its  natural  state  idbttmen  is  combined 
with  water  and  soda,  and  the  compound  remains  fimd^ 
b^c^Qte  the  attractive  force  of  the  particles  of  the 
albumen  for  each  other  is  exactly  balanced -by  this 
chemical  afinities  between  them  and  the  other  sub- 
.'stances;  bvt  according  to  Thomson,  when  heat  is 
applied,  the  expansion  of  the  water  d^inishe^  that 
liffinity,  by  separating  its  partides  and  those  of  the 
soda  to  a  greater  distance,  so  that  the  attractive*fi»ro^ 
of  the  particles  of  tdbitmen  prevails  over  tiie  aartago^ 
nist  power,  and  they  unite  into  one  solid  mass. 

Mr.  Brande,  subjected  albumen  to  the  action  of 
voltaic  electricity ;  the  alkali  separated  at  the  negative 
pole  and  the  albumen  coagulated.  Yoltaic  electricity 
may  thus  be  made  a  very  delicate  test  of  the  presence^ 
of  albumen.  In  its  uncoagulated  state,  alb<tmen  is  a 
glary,  almost  insipid,  inodorous  litjuid,  very  sulgect 
to  putrefiiction,  and  more  readily  so  when  cSssolved 
in  water  than  wh«n  in  its  natural  stiite. 

Of  a  great  number  of  metallic  salts  which  he  tried^ 
Or,  Thomson  ifound  that  almost  all,  except  the  arse^ 
nilBteof  cobalt,  precipitated  albumen  firom  its  solution 
in  water,  when  the  oxide  was  combined  with  an  aeid ; 
but  if  held  in  solution  by  an  alkali  or  an  eaiili,  th^ 
albumen  was  not  thrown  down.  According  to  Dr. 
Bostock,  a  saturated  solution  of  corrosive  stridimate 
detects  albumen  when  dissolved  in  SOOO  times  its 
weight  of  water.    This  test  may  also  be  employe^  to 

.    0 
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ascertain  the  quantity  of  allMinien  in  an  animal  fluid ; 
it  is  to  be  added  in  excess,  and  the  mixture  heated ;  a 
precipitate  fiills  down  which  when  collected  and  care- 
fully dried  contains  about  78  per  cent,  of  albumen* 
(Nicholson's  Journal^  voL  xiv.  p*  14S.)  From  the 
experiments  of  the  same  intelligent  philosopher,  it 
appears  that  water,  containing  onljiVvvth  of  its  weight 
iof  albumen  ia  solution^  is  rendered  sensibly  opaque  by 
boiling. 

%  867.  Coagulated  Albumen.-^lt  is  necessary  to 
mention  albumen  also  in  this  state,  since  its  characters! 
difiipr  materially  from  those^of  uncoagulated  albumen* 
We  suppose  it  to  be  coagulated  by  alcohol.  It  is 
solid,  white,  insipid,  inodorous,  and  heavier  than 
3vater:  it  has  no  effect  on  syrup  of  violets;  by  heat  it 
affords  a  large  quantity  of  subcarbonate  of  ammonia, 
and  a  bulky  ash ;  it  resembles  fibrine  in  its  action  on 
acids,  alkalies,  alcohol,  ether,  and  water,  except  that 
it  is  less  soluble  than  that  substance  in  ace^c.  acid 
and  ammonia,  and  much  more  so  in  potassa  and  fioda« 

They  are  distinguished  by  acetic  acid  rendering  ai^ 
filkaline  solution  of  fibrine  turbid,  but  on  a  similar 
solution  of  al^HMuen  it  has  no  effect. 

^  268.  Fibrin  is  the  most  abundant  principle  in 
animal  substiifiQi^;  it  is  obtained  from  the  red  elot 
ojf  recent  blo(>jd,  and  from  muscle ;  it  is  heavier  thaa 
water,  white,  insipid,  inodorous,  soft,  elastic,  and 
ijmilar  to  vegetable  gluten;  its  colour  becomes  darker 
by  drying.  It  is  not  at. all  altered  by  exposure  tfi 
air  when  dry,  and  not  readily  when  kept  in  water. 
Azote  is  disengaged  from  fibrin  by  the  action  of  acetic 
.acid.  By  heat  it  contracts  suddenly,  moves  like  horn^ 
|ind  exhales  the  smell  of  burning  aniioal  matter;  by  a 
higher  heat  it  melts. 
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'  §:  f68.  Chloufing  matter  of  the  bUxPd^  The  animal 
hature  of  fhis  principle  was  first  pointed  out  by  Dn 
-Wells,'  btit  Fourcroy  and  Yauquelin'  considered  it  to 
be  owing  to  siibphosphate  of  iron^  which  according  to 
them  is  held  in  solution  in  blood)  and  imparts  to  it  its 
red  colour.  Mr«  Brande>  in  JSIS^  demonstrated  the 
fallacy  of  this  opinion,  and  ^  proved,  by  satis&qtory 
experiments,  its  title  to  be  considered  as  a  peculiar 
animal  principle. 

' .  •  The  subsequent  experiments  of  M.  Yauquelin  have 
confirmed  Brandons  results.  It  is  obtained  from  the 
red  cpagulum  of  recent  venous  blood.  When  dry  it 
lappears  black,  but  diffused  through  water,  it  ha$  a 
wine^red  colour:  it  is  insipid  and  inodorous ;  it  is  not 
altered  either  in  form  or  colour  by  a  moderate  heat. 

§  S70.  Mucus  is  obtained  from  saliva,  which  b; 
evaporation  to  dryness,  and  solution  in  water,  is, 
according  4o'Dr'>Bpstock,' almost  pure  mucus.  He 
also  obtained  it  by  evaporating  the  liquid  in  which  an 
oyster  had  been  macerated.  It  resembles  gum  arabic 
in  its  general  appearance,  but  is  more  opaque  ^  it  is 
almost  insipid,  does. not  coagulate  by  heat,  nor  gelati- 
nize by  evaporation. .  By  heat  it  assumes  the  appear- 
ance of' horn;    ' 

§S71.  O^mas^fTie  is  obtained  from* muscle;  it  has  a 
lirownish  yellow  colour,  and  the  flavour  and  smdl  of 
broth;  it  swells  up  when  heated,  and  is  decomposed. 
According  to  Dr.  Thomson,  it  is  very  doubtful  if 
osmazome  be  any  thing  but  fibrin,  slightly  altered  by 
fiolutionin  water; 

§372.  Ptcn)me/ is  obtained  firo^  bile ;  it  is  heavier 
than  water,  its  colour  is  greenish  yellow,  it  has  an 
intensely  bitter  taste,  which  is  succeeded  by  a  slight 
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liegnet  of  eweMnew*  It  do^  vol  yUHA  fl^nbnia  by 
disiiUAtiMv 

(  379.  C^fM  it  bbtftiiidl  frMi  IftiM.  It  iffiMlIy 
el*jstklli»B  in  phttei  wbkh  ^rosi  etdi  ^Ibtti^  iii  all 
dtrectibnir,  und  bate  a  yellowisb  tia^ ;  but,  wbea 
fi^Aetfy  pn^ej  urea  is  wbite,  Betti-tmnspaii^iil}  aiiii 
tte-fbroA  «f  it»  cryatak  is  a  tetrabedral,  or  faekab^^bal 
|»mn.  It  is  bMviBr  tbaH  wiitdlr«*^itii  odoliir  is  fttid^ 
^wmaetbing  like  garlic ;  its  flaTour  acrid ;  it  ddliqudieejd 
in  tfctf  air ;  by  heat  linea  meltd,  iW^Da  up,  and  is  dis- 
aipatedy  eidialing  an  intolerable  stencb.  Its  solution 
in  nntsr  decomposed  by  IdlAg  keepinj^;  ito  dscdtnpo^ 
MitilM  is  accelerated  by  tbe  addition  of  a  little  gelatine. 
A  iB^tttion  of  urto  does  not  decompose  any  of  the 
saUs  :  totxed  witb  hydroehlorate  6f  soda  it  otcasions 
it  td  ery^talliise  in  octc^edra,  And  bydroehlorate  of 
anymdiiia  in  cubes. 

S  274^  Sugar  of  mUk  is  #hite,  silreiet,  and  inodo* 
fous ;  it  ciystallises  in  regular  patallelopipedoQ^  ter* 
minated  by  tetrahedral  pyramids;  it  is  bea%'ier  tban' 
water.  WheYi  burnt  it  exhales  the  odour  of  oAromdl 
(a)  and  reseinfoleB  burning  sugat ;  it  y ieids  by  distil- 
hiHon  th^  same  products  as  sugar.- 

There  are  two  other  saccharine  principles  belong- 
ihg  to  the  animal  kingdom  z-^on^  (though  perhaps 
this  is  rather  a  tegetable  compoui^)  and  the  sugar 
of  diabetic  u^ine.  They  a^  both  more  analogoas  to 
common  sugar  t^ati  Id  the  sugar  of  imlk,  since  tK^y 
yield  otaKc  acid  by  this  actibn  of  nittic  acid,  AM  are 
susceptible  of  the 'venous  fermentation,  which,  at* 
dbiNiihg  to  Buchol^,  Is  Mi  tb^  tase  With  sugar  of 
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la)  A  rredch  term  to  txprcM  thf  jpeculinr  ^our  given  off  by  burniag 
•ugat-. 


mi^i  ^m^ov^f  ^  ¥»A  fmoi^  bjit  with  nttrif;  aci4 
19  Cbe  s^ela^tic. 

i  S75*  Cqailu^^n  in  tbe  fi9«i#  giv^n  by  TlMMm 
to  the  bliflteriii^  jBMitlW  id  SpwMvb  fliM,  fron  vUck  il 
is  Qbtoiaed ;  it  jh^p  the  fiMrm  of  9Iii9lU  cryrtaiUiM  {dates 
yrith  a  phiaipg  iHiimcecMia  appewmice* 

§  970.  Coch^melm  is  the  name  given  by  Dk»  Jdia 
to.  tlie  T<^  f  olouripg  paHee  of  the  oeehineal  insect^ 
iQfK^m  cacti)  fro9  which  it  hMJ  beea  l;it^yrjQ}kteimd 
pure  by  Mi*  t/L  F^U^tier  ,aad  Cai^eetoii.  It  it;  a  eery 
biijiliap.t  piii;p}^  ired  powder,  with  a  gramdar  oryslal^ 
lii^  fippefMim^ ;  it  i9  not  altered  ia  tfie  ait^^nor  sen* 
sibly  .deli4|u^soe9t;  itaieltsatahoiit  IfiG^;  hy<a  hsgbev 
he^A  jt  9 walla  IMP  Aid.  ia  decomposed. .  lJm6  Tvalet 
gives  a  violet  precipitate  with  cochenelin .;.  iresh  fieaci^ 
yitated  alimiinii  cftrri^s.doWn  all  i^  lecturing  matfer^ 
m^  forms  a  fiae  ,red  lahe>  Bor/e  tod  etroHtia  aet 
lihf  the  alkalies  oq  i(^  aad  give  so  prO^i^te  with 
cocbenelin,  bat  alter  its  propoptiM^t.iiMrftte.of^iflvey 
has  i|o  decided  action  on  it :  ^U  of  6pppw  fjm  no 
propipitate,  but  th^  colour  becoiiiea  vi0)et.  The  eevAjr 
and  alkaline  paltll  affect  the  coloiir  of  oo^^diq^ 
ipahijgig  it  pfus  to  violet  of  crim^oji),  but  ocfi^siop  no 
'pci^pitate.  Tho  v^etabl§  .and  mimal  HfA4»  f hm0» 
it  to  yellowish  M9  b4  thrtw  aotUsg  dimn  frop.  ito 

solution  either  m  wpit^  or  ^Uoholi 
A|,  Bf  •  P^U^ti^  iNid  Cav^flitou  pvq^  4o  cell  itto 

«^b|||tj^)ce  carmimi  if  w#  ^opt  tb$  tvrwtt.lta  tmvipa- 

tiooi  should  be  alt^rvd  to  avoid  con|biip|)dtDg  th^  pure 
fol^ivii^  matter  with  the  pig  meet  la  n^mmev  use.  It 
may  be  called  curmmth  a  more  lannoDious  mMoe^hen 
eod^nelin.  (Ana.  de  QUaue^  voL  viii«  p.SSO.) 
.  k  ^7.  J-^  Thi9  suhstaafio  is  Me  of  tho  fized 
^il%  of  whi^b  tho  ^Qinei  kingdom  afford*  a^veadl 
varieii^.    Their  general  properties  are  veiy  jiBalo.9 


gmia, ,  those  of  jiSnt  may  be  coiisid^ed  as  more  or  legs 
possessed  bj  each  individual  of  the  class.  The  co&« 
jtisteoee^  of  Jbi  varies  from  the  hardness  of  tallow  to 
the  softness  ofhog^'s  lard^  •  The  latter  melts  at  97%  the 
iat  of  meat  at  ,127^;  its  decomposition  commences  at 
about  400^,  when  it  emits  a  white  smoke,  and  becomes 
blackish.  *.  If  it  be  cooled  at  this  period  it  is  more 
solid  and  brittle  than  at  first.  By  distillation,  fat 
affords  water,  a  white  oil,  hjdruretted  carbon  and 
carbonic  aeid<  gases,  which,  according^  to  Thomson 
^flmve.a  most  abominable  odour,  so  detestable  and 
powerful  .that  it  is  almost  impossible  to  endure  them,*^ 
owing  to  some  empyreumatic  oil  formed  in  the  pro- 
cess.. Sulphur  and  phosphorus  are  soluble  in  small 
quantity  ia  fat* 

§  S78.  Stearin  (from  ^liof,  tallow.)  It  appeara 
from  the  experiment  of  Ghevreul,  that  iht  consists 
principally  of  two  distinct  substances,  which,  from  the 
process  used  by  Bifaconaot  to  separate  them,  (simpki 
pressure  and,  absorption  of  the  most  fluid)  are  rathar 
inecbaiiically  mixed  together  than  chemically  UQ{ted<, 
They  are  both  obtained  from  hog's  lard. 
,  Stearin  is  white,  brittle,  and  in  appearance  some* 
what  resembles  wiix.  It  is  inodorous  and  insipid, 
melts  at  109^,  but  the  point  of  fusion  varies  accord- 
ing to  .the  fat  from  which  it  has  been  obtained ;  that 
from  human  tallow  requires  a  temperature  of  120^. 

^  379.  Elain  (from  «Aa«of,  oil)  is  the  name  gi^en  to 
the  other  substance  contained  in  fat.  It  is  very  simi- 
lar to  vegetable  <^I>  in  appearance,  is  colourless  anid 
inodorous  if  quite  pur^,  but  it  is  usually  contaminated 
with  admixture  of  some  foreign  bodies ;  it  is  liquid  at 
69?i :  In  hog^s  lard,  according  ifi  Braconnot's^  experi«« 
ment«,  thepro^^ortion  of  elaip  is  tQ  that  o/ stearin  a« 
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'  S  960.  Ambergris  is  one  of  the  8SjlMtanc«$  ire* 
sembling  Tesins,  which  are  found  in  various  aciiitet 
bodies*'  The  principal/  besides  jimbergris,  are  nii»k,' 
eivet  end  calstor.  I  shall  detail  only  th^  propiertie*' 
of  amber^is,  which  when  pure  is  lighter  than  water, 
soft^  of  ah  ash-grey  colour}^ whh  brownish  yellow  and* 
white  streaks.  It  has  a  pleasant  smell,  but  no'iasfe ; 
it  melts  at  IS?,  and  incompletely  volatilised  at  S19^/ 
By  distillation  it  yields  a  whitish  ftcid  Uqiiid,  and  a 
volatile  oiL  r 
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DIVISION  THE  FOURTH. 
Animal  Acids. 

§  281.  Uric  acid  is  obtained  from  urinary  calculi ; 
it  is  a  white,  insipid,  inodorous  powder,  reddens  vege- 
table blues,  and  is  soluble  in  1730  parts  of  wat^f  at 
the  common  temperature,  or  in  1150,  at  8IS^«    The 
hot  solution  deposits  small  crystals^  as  it  cools.    It 
decomposes  the  alkaline  hydrosulphurets,  but  has  no! 
action,  on  alkaline   carbonated.     The   urates' are    in 
appearance  very  similar  to    the    uncombined    acid^ 
insipid,  and  suffer  no  change  by  exposure  to  the  air.' 
They  are  sparingly  soluble  in  water.    The  suburates 
(those  which  eontaiii  an  excess  of  base)  are  more  solu-. 
ble  than  the  urates. 

The  neutral  salts  are  decomposed  by  all  the  stcids 
except  the  carbonic  and  hydrocyanic,  and  the  uric  acid 
IS  precipitated.  If  either  of  the  two  weak  acids  just 
named  be  added  to  a  solution  of  a  suburate,  or  a  small 
portion  of  a  stronger  acid,  merely  sufficient  to  saturate 
the  excess  of  base,  the  precipitate  consists  ofthe*iieu- 
tralealt.  "^ 
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9i»4i»  deotmpo«8d  byhgitralfcf^Vig/lwides 
the  W9s^  iurodpctf  fiwi.aiiiBial  natter^  •  mdid  siib* 
^U^9^y  w)ii^  MbliiMSy  and  coadeiMM  io  -flie  uf|^ 
part  of  tiia  fpparatiw.  Thk  subslauice  is  at  fiiai' 
l^fgw^i^hi  but  by  a  second  svUimatioB,  loses  its  eoUam^ 
4ad  beemnes  wbite;  it  is  inodorous,  kas  ^  snbwd 
flavour,  leddem  lUams^and  diss^ves  readily  inbojttpff 
water,  and  sparingly  in  alcohcd. 

The  aqueoqs  solution  does  m^  precipitate  iime* 
water  or  solutions  of  the  earthy  salts^  nor  decon^pSiO 
the  salts  of  gold,  platina,  copper,  tin,  or  iron.  It  does 
not  give  ainy  red  colour  by  the  action  of  nitric  acid, 
nor  is  its  solution  in  alkalies  preoipilated  by  acids. 

S  88S.  Roiocic  acid.  The  9ubstance  which  sepa- 
rates from  the  urine  of  fbverish  patients,  and  known 
ta  medical  men  by  the  name  of  hteritious  smUmeni^  is 
suppQ8<^  by  Proust,  to  consist  of  a  mixture  of  urio 
acid,  and  phosphate  of  lime,  with  a  peculiar  matter 
wbiish  be  has  called  rosacic  acid,  from  its  colour* 
According  to  hiin,  it  is  distinguished  from  uric  add^ 
by  its  g^reater  solubility  in  hot  water,  by  not  crystal- 
lining  so  readily,  and  by  its  action  on  the  salts  of 
golds  vitb  which  it  ^ives  a  violet-coloured  pre- 
cipitate« 

!  ^^&  PjHtTfuriii  Acifi^^Jn  the  column  of  acids  m 
tj|ie  ann^^jced  taU.^,  it  will  be  seen  that  a  pink  colour 
is  produced  bj  the  action  of  nitric  acid  on  the  uric 
IJr,  PrQut  has  Jatelj  shewn  that  that  substance  is.  a 
comppuud  of  aitiinonia,  with  a  peculiar  acid,  which^  at 
t|ie  suggestion  of  Br.  Wollaston,  he  has  named  the: 
]^urpuric>from  its  remwrkable  property  of  forming  salta 
if^itli  floiost  bases,  ef  a  red  or  purple  colour. 

It  is  tbriped  by  the  decomposition  of  uric  acid  biy 
nitric  acid,  and  a  similar  effect  fs  produced  by  cfalorinei; 
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I 

^  ttodni^i  but  io  a  mudilewi  dcgi:i^'  )>]f  tbe  fott^r*. 
I  ftUftU  ftotetbemode  of  obtaining  it  (tbe.su^e^t  being- 
rmn  muLinteopesting)  Jiearlj  in  the  worda  of  Dr,  Prout^ 
^  ISP*!^  iA  his  vUuaUe  paper  in  the  Pbilogophical 

:  <<  The  aod  piiocipla  maj  be  obtained  by  digesting: 
parf  lithic  (uric)  acid  in  dilute ;n[tric  acid;  an  efier*. 
wsc^aneo  takes  plaoeyand  tbQ  litUc  acid  is  dissolyed* 
Tha  avcess  q£  nitric  acid  is  then  to  be  neutralized^ 
Urith  iMOT^MJa,  and  the  whole  aLowl^^  eonoentrated  by 
evaporation.  As  the  eraporation  proceeds^  the  colonr 
of  the  solution  gradually  beoomes  of  a  deeper  purple, 
and  dark  red  gfanuUrcirye^  Ooipetf  mas  of  a  jpeenisl| 
bue  externally)  soon  b^gin  to  separate  in  abundance. 
These  crfslals  are  a  aompaund,  of  asimonia,  with  the 
acid  prinoiple  in  question-:  thf y  aw  to  be  dissolved 
in  a  aolation  of  eaostie  pota^h^.and  heat  applied  to  the 
solution^  tiU  the  red  coloar  entirely  disappeai^s.  This 
alfcaHiie  solution  is  then  to  be  gradually,  dropped  into 
dilute  sulphuric  acid»  which  unites  to  the  potash,  and 
leaves  the  acid  pfiaeiple  in  a  ^tata  ci  purity.'*  Pur- 
puric acid  is  a  vary  fine  pawder,  ^of  a  cream  colour, 
without  eitb^  smdl  or  taste;  it  is  heavier  than  water ; 
hjr  riow  evaporation  it  sonaetiniei  assumes  the  form  of 
thin  pearly  scales.  It  does  not  sensibly  affect  litmus 
papery  nor  deliquesce  in  the  air,  but  gradually  be- 
comes purplish ;  it  naitbar  melts  nor  snUimes  by  heat« 
-It  decomposes  the  alkaUna  carbonates  by  heat* 
Purpurate  of  ammonia  crystalliaes  in  quadrangular 
prissss,  which,  when,  viewed  by,  transmitted  lights  ar^ 
transparent  and  of  a  deep  gft^n^  red  colour;  but  by 
relBected  lights  their  two  tiroadast  opposite  &se| 
appear  of  a  brilliant  gree%  .dosaliy  resembjjaf  the 
wings  of  sane  of  the  beetk. tribe,  sv  for  ewmplB  the 
Cetonia  aurata,  while  their  other  two  opposite  fiices 
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appear  of  a  dull  reddish  tm>wn  colour;  or,  if  the  light 
be  verj  strong,  slightljr  green.  This  peculiaritj  seems 
to  be  possessed,  in  a  greater  or  less  degree,  by  all  the 
other  alkaline  and  perhaps  earthy  purpurates.  Pur« 
purate  of  amnioiiia  dissolves  in  1500  parts  of  water 
at  60^,  but  in  boiling  water  it  is  much  more  soluble  ; 
fhe  solution  is  of  a  beautiM  deep  carmine.  It  is 
little  if  at  all  soluble  in  pure  alcohol  and  ether,  i 
subjoin  the  effect  of  a  solution  of  purpurate  of  am* 
monia,  on  solutions  of  the  metallic  salts,  not  mentioned 
A  the  table. 


Purpurate  of  gold    • 

•    solution  yellowish;  no  pre« 

• 

cipitate. 

platina 

•    yrilowish  scarlet ;  ditto* 

silver 

•    deep  purple  precipitate* 

zinc     • 

,    solution  &  precipitate  beatt«« 

• 

tiful  gold  yellow. 

copper 

•    ditto  bright  yellowish  f  no 

precipitate* 

nichel 

i    ditto  greenish ;  ditto  ditto. 

cobalt 

*    solution  pale  scarlet;  red-^ 

dish  granular  crystals* 

Philosophical  Trans.  1818.  p.  SiO. 

%  384.  Amniotic  acid  is  obtained  from  the  liquor  of 
the  amnios  of  the  cow,  by  slow  evaporation,  in  the 
form  of  white  brilliant  crystals  of  a  slightly  souV 
taste*  Its  solution  reddens  vegetable  blues,  and  de« 
composes  the  alkaline  carbonates  by  heat.  When 
exposed  to  heat  the  amniotic  acid  iroths  up,  and 
exhaled  an  odour  of  ammonia,  and  hydrocyanic  acid* 

S  S85*  Margdric  acid  was  obtained  from  hog^s  lard 
by  Chevreul  in  I8I3;  by  uniting  that  substance  wiUi^ 
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^otass&y  ana  suBreiflSii^  jAr  p^ftf)jr  jjdtles  whicb  We' 
deposited  wheib  the^oi^ficmi^  is  mixed  with  water,  to 
the  attion  of  dtkifte  bfdf^ehloric  acid,  which  separates 
the  alkali^  and  U»¥^  the  niargaric  acid  free.  Its 
colour  is  peiurl  white ;  it  is  insipid,  has  a  slight  smell 
ftoraettiiflg;  iiiia  that  of  wax,  floats  on  water,  melts 
at  a  t^ii^seeatiire  of  13i%  aiid  crystallizes  in  yerj 
wliil^JlrilUant  needles  as  it  cools.  It  reddens  vege- 
tlM^ldtte  colours.  By  distillation  a  part  of  the  acid 
IMaes  over  unaltered,  and  another  part  forms  a  yellow 
eoiicfete  butyraceous  substance,  differing  in  its  pro- 
pierttes  frdm  margarie  atid,  and  incapable  of  combining 
with  po^uisa.  Yeiy  little  gas  or  charcoal  are  produced 
in  thtt|»ooess.    '    - 

§  S86. '  02etc  Jiriftf  /wi■B^4dbitMB^  by  Cbevreul  from 
the  soluUe  portion  of  the  soap  formed  with  hog'^  lard 

andpotaS8a>       j  -       

-  It  is- an  oily,' inodorous,  colourless  fluid;  but,  if 
impure^  frequently  rancrd  and  brdwn.  It  is  lighter 
than  water,  and  becomes  solid,  b^tweeh  33°  and  44V 
When  congealed,'  it  form0  needle  cpystals.  It  reddena 
vegetable  blues  Teiy  readily.  • 

^S87.  fhrmk  aenfy  or  the  acid  obtained  from  infii* 
sioa  of  ants,^  seems  to  have  but  aviery  doubtfut  claim 
to  be  considered  as  a  peculiar  substance.  Chemists- 
have  been,  much  divided  in  opinion  respecting  it. 
Deyeux*. supposed  it '  analogous  to  the  acetic,  and' 
Fourcroy  aod^Yauqaelin  pronounced  it  a  mixtulre  of 
acetic  and  >malic  acids.  -  Suersen,  Gehlen  and  Ber«' 
melius,  on  the  contrary,  conclude  that  it  possesses  pecu*' 
liar  properties.^  I  have  thought  it  right  therefore  not' 
to  omit  altogether,  though  I  have  hot  inserted  it  ia^ 
the  annexed  tables.  /According  to  Gehlen's  experi*'' 
menis,  as  stated  by  Dr«  Thpmsoii  in  the  fifth  Tolume 


% 


9f  tbe  Annals  of  fUM»%  it  li«0  t|9  mmw$ 
properties  J  an  aeid  and  peculiar  t^ste  and  sp^ell)  ^t^ 
different  from  that  of  acetic  aeid ;  wben  ^Qolied  dcfflFii 
sufficiently,  it  becomes  solid,  but  does  not  crystaUisef 
lt9  specific  gravity  is  1 J  168s  ^ben  diluted  wUk  an 
equal  weight  of  water  1.06|  and  with  twi^  its  wejgkt 
hOS96,  The  formatei^  of  copp^  wA  barya  dAfl%v 
from  the  acetates  <>f  the  same  b^ses  in  eolpuri  solut 
bility,  form  of  erysjtals,  and  all  their  other  prapertMt 

§  S8&  Xdwtie  0ci4j  liko  the  fiMnaic,  bas  been  the 
eubject  of  very  different  opinions.  It  was  disop^remd 
by  Schede  in  sour  milkt  who  ceneidered  i%  9$  a  pec«< 
liar  acid,  a  conclwon  witieh  was  deiMed  by  Bouiiloii 
La  Grange,  Thenard,  Fourcroy,  and  Vauquelin* 
^eneliuB  has  mdre  latdy  iubmtttttd  if  to  a  fresh 
culmination,  and  confirms  Ae  opiniiNi  ot  Sdieele* 

The  process  by  which  Berzelius  obtained  itil  H 
itate  which  he  cMsiders  pure,  is  singidavly  eon^li- 
cated,  ftpd  ^tifiea  the  iremark  of  Dr.  Murray,  ^^  that 
some  doubt9  may  yet  regain  on  the  subject."  The 
opinions  bowever  of  two  suoh  man  as  Scheele  and 
Berzelius^  are  not  to  be  rejected  withcait  the  dearesl 
evidence  of  their  ftUacy,  .even  though  -opposed  to 
the  inferences  of  Ae  ittustrioua  French  Philosephens 
qamed  above. 

The  following  are  the  properties  of  lactic  aeid 
according  to  Berzeliuir.  It  has  a  hromn  yellow  colour^ 
i|nd  e  sharp  sour  taste,  whidi  is  much  weakened  by 
diluting  i^  with  water.  It. is  jnodorous  whilst  cold, 
but  pves  off  an  aeid  samll  by  beat,  perfectly  distinct 
from  the  acetic  but  similar  to  that  of  sublimed  oiudiu 
lieid »  it  is  uncrystaUiaable,  and  diickS  jlnto  a  thick, 
seiMth»  slighifly  ddiquescent  varnish*  It  boils  by 
heat  Mid  is  decoinpoeed,  but  evolves  no  odpuv  «f 


*^ 
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l^ii^al  iMtter.  Its  Blkftliim,  eartUy  and  metallic  salts^ 
are  soluble  in  alcohol,  and  generally  have  no  tendency 
to  crystallisse,  but  dry  into  a  mass  like  gum,  whiclii 
riowly  becomes  moist  in  the  air. 

Tim  solution  of  lactate  of  silver  is  light  yellow 
iiidinilig  to  green,  t^rotolactate  of  mercury,  light 
yelloir,  perlactate  red ;  lactate  of  lead  forms  crystal- 
line grains  of  a  grey  colour ;  lactate  of  iron  is  red 
broitn ;  lactate  of  copper  varies  from  blue  to  green 
and  dark  blue;  it  does  ndt  crystallize.  (Philosophicai 
Magazine,  vol.  41.  page  S41.) 

§  S8i9.  llt/droc^anic  or  Prussic  acid. — This  acid 
exists  ready  formed  in  the  leaves  of  the  laurocerasu^ 
in  peach  blossoms,  bitter  almonds,  and  several  other 
Vegetables,  and  might  with  propriety  have  been  de- 
scribed with  the ,  proximate  vegetable  principles  ; 
indeed,  as  proximate  principles  are  pur  immediate 
object,  it  ought  rather  perhaps  to  be  associated  with 
the  vegetable  acids  than  occupy  this  place;  strictly 
speaking,  those  only  can  be  considered  as  proximatet 
principles  which  actually  form  a  part  of  living  vege* 
table  or  animal  bodies,  and  are  obtained  by  processes 
$0  simple,  as  to  leave  little  reason  to  suspect  that  their 
natures  are  thereby  altered ;  for  all  the  rest  are  the 
products  of  operations,  natural  or  artificial,  which  the 
organized  matter  undergoes  after  it  is  dead.  But  if 
this  were  insisted  on,  many  substances  very  interesting 
to  the  chemist  would  be  struck  out  of  this  class,  and 
a  new  one  formed  for  them,  which  would  produce 
greater  inconvenience  than  that  it  was  intended  to. 
remove,  for,  to  create  new  subdivisions  unnecessarily,, 
is  rather  to  introduce  eonfasion  than  to  avoid  it.  I 
have  therefore  -  inserted.  Dauiell's  lampic  acid^  asU 
other  bodies  artificially  produced  from  vegetable  sub- 
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Stances,  amount  the  proximate  vegetable  principles^  as 
1  do  here  tlie  hydrocyanic  amongst  the  animal. 

The  properties  and ,  analogies  of  cyanogen  have 
been  already  given  (\  IS  L  and  %  37  H.)  Hydro* 
cyanic  acid  was  first  obtained  from  blood,  but  the 
processes  then  emplc^ed  did  not  affprd  it  pure,  nor 
was  it  known  in  that  state,  nor  its  composition  well 
understobd  prior  to  theexperiments  of  M.  Gay  Lussac 
in  1815,  to  whom  we  are  indebted  for  a  correct  ac« 
quaintance  with  this  interesting  body, 

'  Hydrocyanic  acid  is  a  colourless  transparent  liquid, 
with  a  strong  smell,  resembling  that  of  peach  blos- 
soms. Its  taste  is  at  first  cool,  but  soon  become$ 
sharp  and  irritating ;  it  excites  a  burning  sensation  in 
the  mouth,  and  acts  as  a  most  violent  poison.  In  all 
experiments  on  this  substance,  the  <iperator  shcmld 
avoid  inhaling  its  fomte  with  the  utmost  care.  It 
reddens  litmus  fiuntly,  boils  at  the  temperature  of 
80°,  and  becomes  solid  at  about  that  of  5^.  If  a  few 
drops  of  the  acid  be  let  fall  on  paper,  the  cold  which 
U  produced  by  the  evaporation  of  one  part  is  sufficient 
to  congeal  the  other,  even  at  the  temperature  of  68°« 
It  is  very  difficult  to  keep  it  in  the  best  stopped  ves* 
sels  many  days  without  its  decomposing.  It  takes 
fire  in  the  air  by  the  approach  of  a  burning  bpdy.  It 
does  not  readily  unite  with  water,  but  alcohol  dis*' 
solves  it  with  great  facility.  Iodine  occasion^  no 
change  in  the  vapour  of  hydrocyanic  acid;  chlorine 
decomposes  it,  disengages  its  hydrogen,  and  forms  a 
peculiar  acid,  the  chlorocyanic,  with  the  cyanogen. 

If  the  vapour  of  hydrocyanic  acid  be  detonated  with 
oxygen  gas,  a  quantity  of  oxygen  disappears  equal  to 

].Sd  of  the  volume  of  vapour  employed.      Suppose 

lOQ  volumes  of  the  gas  bo  operated  on>  the  result  will 
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be  lOQ  of  carbonic  acid^  and  50  of  azote.  It  will  be 
remembered  that  carbonic  acid  is  composed  of  one 
volume  of  vapour  of  carbon  and  one  of  oxygen,  con- 
densed into  one  volume.  Therefore  the  100  volume9 
of  carbonic  acid  produced  by  the  detonation  indicate 
an  equal  quantity  of  oxygen;  the  remaining  25 
volumes  .'must  have  combined  with  hydrogen  to  fofm 
water*  According  to  this  experiment,  hydroc^Olttie 
acid  is  composed  of  one  volume  of  vapour  of  tisrbdn, 
half  a  volume  of  azote,  and  half  a  volume  ^Bydro* 
gen,  condensed  into  one  volume.  It  is  necanary  that 
the  oxygen  be  in  excess  to  ensure  the  complete  com« 
bustion  of  the  acid  vapour,  and  aha  that  the  tem^ 
perature  be  sufficiently  high  to  pr^f eni  any  portion 
of  it  from  being  condensed  into  the  liquid  ftatel 
Gay  Lussac  operated  at  the  temperature  of  71^* 

The  preceding  result  is  confirmed  by  comparing  the 
weight  of  hydrocyanic  vapour  with  those  of  its  ele- 
ments. 

Density  of  a  volume  djf  vapour  of  carbon  c=  0.4173* 
.  .  .  •  half  a  volmM  of  azote  .  .  =0.4843. 
.    .    •    .  half  a  v<^Mie  of  hydrogen  •.   =  0.0368. 


Density  ofavoltuiMof  hydrot^anic  vapour=:=,0.9384. 


Gay  Lusdae  ibtitid  it  by  direct  experiment .  0.9476^ 

It  has  he^n  mentioned  (§  37,  H.)  that  the  specific 
gravity  6f  Cyanogen  is  1.8064;  the  half  of  which 
.  (.90Sd)  almost  exactly  corresponds  with  the  weight  of 
a  volume'  of  carbon,  and  half  a  volume  of  azote.  It 
Is  clear  from. these  results,  that  hydrocyanic  acid  con- 
mts  of  half  (t  volume  6f  cyanogen  and  half  a  volume 
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of  bjrdrOgeif> .  ktiA  ttiat  '£h^  unite  withoQt  conden- 
sation. 

Tliis  is  further  con.firme4  by  the  aetioii  of  potassium. 
When  that  metal  is  heated  in  hydrocyanic  acid^  the 
tapour  disappears  and  is  replaced  by  half  its  volume 
of  hydrogen,  and  the  potassium  fs  ^coivert^  into  a* 
grey  ^sible  mass.  When  this  is  thrown  into  water^ 
a  portion  of  the  Quid  is  decomposed  without  efferves- 
tence,  and  is  found  to  contain  a  solution  of  hydro- 
cyannte,  or  prussiate  of  peta^||l•  The  action  is  ob- 
tious.  Potassium  absorbs  tl^^  cyanogen,  and  liberates 
its  hydrogen ;  by  t)ie  decomposition  of  the  water^  the 
metal  combining  with  otygen  is  converted  into  po- 
tassa^  whilst  its  hydrogen  unites  to  the  c^anogen^  ^nd 
reproduces  hydrocyanic  acidL 

The  hydrocyanate  oif  pdtassa,  formed  in  the  experi- 
ment just  stated,  is  not  identical  vtrith  the  salt  com- 
monly known  by  the  name  of  prussiate  of  potash,  and 
so  important  in  chemical  analysis  for'  the  indications 
it  affords  of  the  presence  of  metallic  oxides.  PUre 
hydrocyanate  of  potassa  is  of  so  little  permanency  that 
it  cannot  be  long  exposed  to  the  atmosphere  without 
undergoing  decomposition.  But  if  potassa  and  Prus- 
sian blue  be  boiled  together^  we  obtain  a  compennd 
not  only  permanent  in  the  air,  but  one  whose  acid  is 
not  easily  displaced,  eten  by  the  strongest  mineral 
acids.  This  salt  was  formerly  called  the  triple  prus- 
siate of  potash  and  iron,  for  it  was  soon  discovered 
that  iron  entered  essentially  into  its  composition, 
though  its  presence  could  not  be  detected  by  any  of 
the  usual  tests  for  that  metal.  Mr.  Porrctt  published, 
in  1814,  an  elaborate  and  able  series  of  ^cperiments 
on  this  subject,  in  the  course  of  which  he  found  that 
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trhen  tbe  triple  pruBsiate  is  submitted  to  the  action  of 
voltaic  electricity,  the  alkali  goes  to  the  negative 
pole,  and  the  acid  and  iron,  in  the  state  of  protoxide^ 
to  the  positive:  whence  he  concludes,  that  it  forms 
a  component  patt  bf  thef  acid  itself^  and  since  its  other 
elements  are  carbon^  hjdrogen,  and  azote,  he  proposed 
for  it  the  name  of  ferruretted  chjazic  acid ;  derived 
from  the  initials  of  the  three  constituents  of  hydro- 
cyanic  acid/  Dr.  Thomson,'  as  I  have  mentioned 
t^fore,  (note'40.  A.)  considers  it  to  be  a  compound  of 
cyanogen  and  metallic  iron.  The  effect  of  the  alka- 
line salt  formed  with  this  acid,  is  very ^  different  from 
thatofthxi  simplerbydrocyanate  of  potassa,  on  metallic 
solutions^  as  will  be  seen  by  the  following  table  of  the 
colours  of  the  precipitates  produced  by  each  in  solu- 
tions of  metallic  salts,  copied  from  the  third  volume 
of  Thenard's  Treatise,  pi^  590,  and  ajluded  to  in  the 
note  mentioned  above.. 
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TABLE 

OF    THi:   COLOUJ18    OF   X«E    FRBCIPITAT^fiS. 

^ftA«^tr)l   <IO>lhf 


•  <    ■«  V 


By   ferro-hydro-cjan- 
atettfpotttMft 


By  simple  l^ydt'o-cyan- 


•^»«**My«y< 


jCtangahese     - 

Frbtoiideoflfofr    • 

De«t03dde  of' iron  .  - 

I*rit6xid6'ofifon     - 

Tin      ^      .-  .     - 

^iac      -       -       - 

Antiffidny- 

Uranium 

Cerium 

Cobalt 

rntamum 

Biunuth 

Protoxide  of  copper 

Deutoiide  of  copper 

Nickel 

Lead 

Deutozide  of  mercury 

SUvcr     - 

Palladium       -        - 

Rhodium 

Blatina 

Gold      ... 


white     *• 
#liite,  4tt|>i«Da 

clear  blue,  copious 

acre^btue,<k>pibus 

white     > 

ditto       - 

ditto       h       m    • 

blood<olottr 

white     . 

gTa»gf«tn     . 

red 

white     • 

ditto 

crimson 

apple-green    - 

white     " 

ditto 

White.    It  turns 

in  the  air. 
olive      .     •   - 


(iirty  yellow. 


blue  g^een,'5optovs. 
■ceplibl^. 


almost  u!h'peV< 

while.  . 
-     ditto* 
-'•©tto.     ^  •  * 

y^ttoW-iNPUte 


white, 
ditto, 
yellow, 
yellow  white. 


.T  : 


blue 


wliite     - 


I 


yellow. 

white.    Soluble  in    an 
excess  of  pnissiate. 


white.    It    becomes   a 
beautiful  yellow. 


(a)  Many  of  the  precipitates  formed  by  the  simple  hydro-cyanate,  are 
pethaps  merely  exides;  for  these  precipitates  take  place  with  a  dis- 
ttkfgSigtmAnt  of  prussic  acid,  and  are  of  the  same  colour  as  those  formed 
by  the  alkies. 
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I  diAjoin  B,  Bhort  fleteil  of  the  properties  of  fliethris^ 
retDNning  acidb,  ibrmjed  by  the  combinatioti  pf  eya- 
nogfeta  with  chlorine,  with  sulphur,  and  with  iron. 

§  S90;  Chl^ocyahic  acid  Wa$  first  observed  by  Ber- 
th<dtet,  -and  called  by  him  '^  oxyprussic  acid/' 

Gay  Luasae  im  1815,  pointed  out  its  trhe  nature, 
and  gave  it  itd  present  name. 

C!faiorocyanic  acid  i«  a  colourleiss  liquid,  with  a  very 
stpong  and  peculiar  odour;  it  reddens  litniiis :  '  it?B 
vapoai^  is  not  iiiflammatfle,  aiid  occasions  nodetotoatton 
with  oxygen  or  hydrogen.  Its  density  as  determine 
by  calcination  is  S.lll.  Its  solution  gives  no  preci- 
pitate witfi  filtrate  of  "silver,  or  barya  water.  It  is 
readily  absotbed  by  the  alkalies,  but  ihey  must  be  ia 
esccess  to  destroy  its  odour  entirely :  when  this  com- 
ponnd  is  acted  on  by  an  acid^  carbonic  acid  is  givem 
o4^,  with  considerable  eflervescence,  and  an  excess  of 
lime  being  added  4o  the  acid  solution,  aiAmonia  i^ 
abundairtly  evolired.  The  solution  also  how  precfp^i* 
tates  nitrate  of  silver,  forming  chloride  of  silver  and 
consequently  contains  chlorine  or  hydrochloric  acid. 

M.  Gray  Lussac  attempted  the  analysis  of  chlo^ 
rbcyanic  acid,  by  detonation  ^ith  oxygen,  adding 
a  little  hydrogen  to  render  the  mixtures  inflammable; 
The  vapour  was  previously  mixed  with  carbonic 
acid,  for  when  pure,  it  is  condensed  at  a  tempera- 
ture  between  60^  and  70*,  under  the  mean  atmospheric 
pressure.  A-  volume  of  the  vapour,  gave  an  equal 
volume  of  carbonic  acid  and  half  a  volume  of  azote, 
and  no  water  was  formed,  except  that  which  arose 
from  the  combustion  of  tiie  hydrogen,  previously 
added.  But  it  also  contains  chlorine.  Now  when 
ohlorocyanic  acid  is  acted  on-  by  potassa  and  an  acid, 
the  same  quantity  of  carbonic  acid  is  evolved,  as 

X2 
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is.  produced  bj  detonation  witli  oxygen,  niid,  as 
Already  mentioned,  ammonia  is  also  generated.  Since 
no  water  results  from  tbe  combustion  of  the  vapour 
iVith  oxygen,  but  only  carbonic  acid,  np  bydroqrakiic 
acijd  can  be  produced,  when  the  chlorocyanic  is  decom« 
posM  by  the  alkali  and  aei^  but  Ithe  chloriqe  on  Jts 
separation  from  the  azote  and  carbon  combines  with 
the  alkali,  forming  a  chloride  or  a  hydrocUorate,  no 
matter  which*  Water  is  decomposed  by  the  successive 
action  of  the  alkali  and  acid,  and  as  a  volume  of  car* 
bonic  acid  is  formed,  it  follows  that  a  volume  of 
.oxygen,  and  consequently  two  of  hydrogen,  have  been 
afforded  by  the  water. .  Since  chlorocyanic  acid  gives 
half  a  volume  of  azote,  when  detonated  with  os^gen, 
and  ammonia  is  formed  by  the  other  mode  of  decom- 
position, it  follow;)  that  one  volume,  and  ^  l^df  of  the 
hydrogen  of  the  water  has  been  employed,  in  produ- 
cing the  volatile  alkali,  and  the  remaining  half  volume 
must  have  combined  with  the.  chlorine.  But  hydro-* 
chloric  acid  consists  of  equal  volumes  of  chlorine  and 
hydrogen:  consequently  the  chlorine  in  ra  volume  of 
chlorocyanic  acid  amounts  to  half  a  volume. 

Thus  the  constitution  of  the  vapour  is 
I  Volume  of  vapour  of  carbon 
I  ^  volume  of  azote  , 
and  I  a  volume  of  chlorine. 

When  chlorotyanic  acid  is  heated  with  antimony, 
in  a  small  glasfli  retort,  over  a, spirit  kunp,  the  bulk  of 
the  acid  gradually  diminishes,  chloride  of  antimony  is. 
formed,  and  when  the  operation  is  terminated,  half  a 
*  volume  of  cyanogen  remains :  but  cyanogen  contaii|s 
two  volumes  of  the  vapouc  of  carbon  and  one  of  azote, 
4:ondensed  iuto  one  volume.    This  result  confirms  the 
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inference  drawn  from  the  former  experiments,  and  it 
is  further  establishedy  by  comparing^  the  denskieft  of 
chlorocyanic  acid,  chlprine  and  qranogen. 

Density  of  chlorine      2.4713 
cyanogen    1.8033 

4.2746 

The  ha?^'  of  which  is  S.1S73.  Gay  Lussac  found 
the  density  of  chlorocyanic  acid,  by  calculation,  to  be 
2.111. 

Consequently,  it  is  composed  of  equal  volumes  of 
cyanogen  and  chlorine,  and  they  unite  without  con- 
densation. '  (Annales  de  Chimie,  vol.  xcy.  p.  2100 

§  291.  Sulphocpanic  acid  was  discovered  by  Mr. 
Porrett  in  1808.  Conceiving  it  to  contain  less  oxygen 
than  prussic  acid,  he  first  called  it  prussous  acid,  but 
in  I8I4,  he  published  a  more  detailed  account  of  its 
properties  under  the  name  of  sulphuretted  chyasdc 
acid. 

Sulphocyanic  acid  is  a  transparent  colourless  liquid, 
with  a  strong  odour,  something  resembling  that  of  the 
acetic.     Its  greatest  specific  gravity,   according  to 
Porrett,  is  1.0S2.     At  a  boiling  heat,  it  dissolves  a 
little  Sulphur,  most  of  which,  separates  again  on  cool- 
ing.   By  distillation,  it  is  partially  decomposed,  and 
some  sulphur  remains  behind.  '  It  does  not  precipitate 
-nitrate  of  lead,  unless  a  little  nitric  acid  be  added,  and 
heat  applied;  it  is  then  decomposed,  and  sulphate  of 
lead  falls  down.    Hence,  it  contains  sulphur  as  one  of 
4ts  constituents. 

Five  grains  of  sulphocyanate  of  copper  were  decom- 
posed by  nitfic^  acid,  holding  hydrochlorate  of  barya 
in  solution;  8.86  grains  of  sulphate  of  barya  were 
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Abbreriatinis     — S.  tparinglj  iplable^ 

8.  soluble 
S.  S.  yery  Mdubk 
insoL  inaolubU 
deL  ddiquctcci  ^ 

fut.  fuses 
perm*  pennAoeiit 

n.  mevis  that  the  salt  is  neutral 
a.  acid 
— ^.  acidulous 

The  temperature  ^pressed  by  **  heat»**  Is  of  course 

.   under  the  iegtte  at  which  the  salt  would  be  deeon^posed. 


TABLE  OF  VEGBTABIfE  SUBSTAirCEg,  NOT  ACIDS. 

A.bbreTiati^ns.-*-The  degrees  of  solubility  are  expressed  as  abore.  WheA 

**  yellow,"  **  green/*  &c.  follows  the  8ig:u,  it  ex- 
presses the  colour  of  the  solution.  **  Hot**  or  **  h^*^ 
and  **  cold,'*  or  **  c,**  in  like  qianner  denote  the  sol^ 
vent  to  be  hot  or  cold. 

I    denotes  precipitation. 

Su.  N.  H.  A.'  in  the  column  of  acids,  mean,  respectxTely^ 
milphuric,  nitric,  hydre>elEloric,  acetic.  When  the 
letter  is  prece4ed  by  the  name  of  apother  add,  &c. 
It  denotes  that  the  substance  is  converted  into  it,  by 
the  action  of  the  acid,  whose  initial  is  subjoined, 

\Vhen  two  or  more  substances  precede,  with  the  numeral^ 
1, 2,  &c.  it  denotes  that  the  first  named  substance  is 
$rst  formed;  by  a  further  continuance  of  the  actios , 
the  second,  and  so  on.  'Thus  gum  is  first  converted 
into  saclactic»  ^en  into  malic,  and  lastly  into  oxalic 
acid|  by  nitric  acid- 

P.SO.A.L.B.  in  the  column  09f  alkalies,  denote  respect 
tively  potassa,  soda,  ammonia,  lime  and  barya. 

a  C.  prefixed,  that  the  alkali  is  a  fariMoie, 

When  no  letter  occurs,  either  in  the  column  of  adds, 
alkalies,  oils,  or  galls,  the  effect  refers  generally  to  aU 
the  substances  belonging  to  that  column. 

The  action  of  the  metallic  salts,  and  infusion  and  tinctore 
of  galls,  refers  only  to  the  substances  in  solution. 

saa  Means  no  change. 
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On  the  uUimiae  Analysis  of  Vegetable  and  Animal  * 

Substances. 

§  293.  -  The  mode  of  ascertaining  the  nature  and 
proportions  of  the  ultimate  elements  of  organised 
substances  wds^  till  within  a  few  years,  confined  to 
what  was  called  destructive  distiUation;  that  is,  to 
the  action  of  heat  applied  to  those  bodies  in  close 
Tessels,  connected  with  proper  receivers;  by  which 
all  their  volatile  ingredients  were  driven  off  an4  col- 
lected, and  nothing  but  charcoal  remained  in  tl|e 
retort,  and  from  these  products  the.  proportions  of 
the  elements  in  the  original  compound  were  estir 
mated.  Thus,  Fourcroy  and  Yauquelin  obtained  by 
distilling  100  parts  of  urea,  92  carbt,  ammonia,  4.65 
hjdruret  of  carbon,  and  S.S5  of  charcoal;  firoip 
whence  it  was  calculated  that  urea  is  composed  of 

S9.5  oxygen. 
38.5  azote. 
€4.7  carbon. 
lS.3  hydrogen. 

mo 


Lavoisier  endeavoured  to  accomplish  the  analysia 
ijf  organized  bodies  by  burning  them  in  oxygen  gas, 
and  M.  M.  Gay  Lussac  and  Thenard  have  lately  pro- 
posed a  different  method  of  esaimining  vegetable  and 
animal  substances,  which  consists  in  changing  them 
into  water,  carbonic  acid,  and  azote  by  combustidH 
by  means  of  chlorate  of  potassa  in  a  peculiar  dppilra- 
tosi      This  apparatus  (pi.  S,  fig.  14.)  is  formed  of 
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three  separate  pieces.  One  of  them  a*  a.  is  a  very 
thick  glass  tube,  closed  at  the  lower  and  open  at  the 
upper  extremity,  about  7|  inches  long,  and  -^ths  ot 
an  inch  wide ;  a  very  small  glass  tube  6.  &•  is  united 
to  it  laterally  at  about  S  inches  below  its  opening* 
The  next  piece  is  a  brass  cap  .c.  c.  into  which  the 
open  end  of  the  large  brass  tube  is  inserted  and  fixed 
If  ith  a  cement  that  does  not  melt  at  a  temperature 
below  104°.  The  la^  piece  is  a  stop-cock  of  peculiar 
construction,  d.  d.  which  constitutes  the  whole  merit 
pf  the  apparatus.  The  key  of  this  stop-cock  turns  in 
every  direction  without  admitting  any  air  to  pass,  and 
instead  of  being  perforated,  has  merely  a  small  cavitj 
funk  in  its  surface  near  the  middle,  and  capable  of 
holding  a  portion  of  matter  about  the  size  of  a  small 
pea*  When  the  key  is  in  its  upper  position,  the 
cavity  corresponds  to  a  small  fhnnel,  e.  that  enters 
the  socket  or  body  of  the  stop-cock,  and  when  brought 
to  its  lower  position  it  communicates  with  and  forms  a 
continuation  of  the  stem  of  the  stop-cock,  which  is  hoU 
low  and  screws  into  the  cap  c.  c.  When  any  substance 
is  placed  in  the  funnel  it  ialls  into  the  cavity  in  the  key, 
which  being  then  turned  round,  conveys  it  into  the 
stem  of  the  stop-cock,  from  whence  it  falls  into  the 
cap,' and  so  to  the  bottom  of  the  glass  tube.  PI,  2, 
fig.  15,  is  the  stop^cock  fitted  to  the  cap  only ;  the  stem 
of  the  stop-cock,  figs.  14  and  15,  passes  through  a 
snmll  basin  yi/.  the  use  of  which  will  be  stated 
hereafter. 

S  S94.  About  ten  or  twenty  grains  of  the  subject 
of  the  analysis  must  first  be  well  mixed  by  tritura^ 
tiouj  with  a  due  proportion  of  chlorate  of  potassa, 
which  is  easily  ascertained  by  projecting  portions  of 
the  mixture  into  a  glass  tube,  whose  extremity  is 
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Seated  nearly  recL  If  tne  residuam,  after  the  coni« 
Ittstion,  be  not  perfectly  white,  more  chlorate  must 
be  added,  and  the  salt  should  always  be  in  such 
excess  as  to  ensure  the  perfect  combustion  of  the 
iregetable  or  animal  matter.  The  purity  of  the 
chlorate  must  also  be  ascertained  with  great  accuracy ; 
for  this  purpose  put  100  grains  of  the  salt,  perfectljr 
dried  at  SIS^,  into  a  very  dry,  and  previously  weighed 
tmall  glass  retort,  taking  care  that  none  adhere  to  its 
neck;  adapt  a  tube  to  the  i^etori,  so  bent  as  to  pas's 
into  a  receiver,  full  of  and  inverted  over  water,  aiid 
reach  to  its  top.  Heat  the  retort  gradually  to  red* 
ness,  and  continue  the  heat  till  the  chlorate  ceases  to 
give  oW  any  more  oxygen ;  then  let  the  apparatus  get 
quite  cool  before  it  is  taken  to  pieces;  thus,  as  much 
'air  will  return  into  the  retort  as  was  expelled  by  the 
^beat,  and  consequently  the  quantity  of  elastic  fluid  in 
'the  jar  will  correctly  represent  that  of  the  oxygeii 
given  bfTby  the  chlorate.  The  purity  of  the  gas  may 
then  be  examined  by  the  usual  tests,  remembering  to 
allow  for  the  proportion  of  atmospheric  air  contained 
"in  the  apparatus  prior  to  the  experiment,  which  is 
easily  done  by  ascertaining  the  capacity  of  the  retort 
and  its  tube.  M.  Thenard  directs  the  chlorate  to  b^ 
previously  fused  in  a  hessian  crucible,  and  then  to  be 
finely  pulverised  in  a  clean  brass  mortar. 

The  ingredients  being  well  incorporated  by  tritura- 
tion, and  carefully  dried  at  21S^  and  weighed,  are  to 
be  made  into  a  paste  with  distilled  water,,  ahd  formed 
into  small  pellets,  of  such  a  size  as  to  fall  readily  intor 
the  cavity  in  the  key  of  the  stop-cock,  and  then 
thoroughly  dried  again  at  the  same  temperature,  if 
th6  subject  of  the  experiment  be  an  acid,  it  must  be 
first  combined  with  a  base,  either  lime  or  barya,  and  the 
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4ry  salt  analysed  ihfitead  of  tTie  pure  acifl;  in't'iM 
^a«e  the  carbonic' acid  formed  in  the  process  will  unit« 
to  the  base,  and  its  quantify  niu^t  be  ascertained  m 
the  usual  manner.'  If  the'vejjetable  or  animal  matteV 
•ontain  any  substance  foreign  to  its  nature,  its  quantity  • 
I»il6t  be  a&certafned  by  projecting  a  weighed  pbrttoa 
by  degrees  into  a  red  hot  platina  crucible,  wlidse  taii^ 
has  been  previously  tdken ;  the  Tegetable  df'animal 
substance  will  be  charred  and  btlrnt  a^ay,  andfltil 
impuiltied  left  hi  the  cpocrMe.  ' 

V295.  Let  the  key  of  tbe'-stop'-cock  be'gi^ea^d 
with  a  very  little  of  u'  inikttife  of  oil  ^nd  tallow,  tfabt 
H  may  not  teak,  and  fix  the  apparatus  in*  the  matiner 
following:  -r      ^r»     v 

A.  Make  a  hole  through  a  brPek  f,  alid  sink  the 
glass  tube  a.  a.  into  it,  bs  far  as' .the  smaftl  iateHil 
tube  b^lh  then  place  the  two  ends  of  tbei)rick  on  tito  . 
Mttle  parallel  walls  built  up  on  a  table  near  the-ttf^i^* 
#Hrial  trough,  the  same  height  with  it,  a^d  within  MIT 
an  inch  of  one  another,  and  rest  the  low^r  end  df  4h8 
tube^.  a.  on  the  iron  grate  g*,  which  ia  supported  by 
being  inserted^in  the  walls«  -       '  ' 

.  fi.  immerse*  the  little  lateral  tube  bl  b:  in  th6 
nercuriftl  bath,  andfix  a  slat^  betweeif  tfaebridk  and 
the  tube,  that  it  may  nbt  be  heated'^'the4trt^m'0. 
being  first  firmly  fixed  iir  the  .brick  witkr^fir^dttteU 

C»  Pieces  of  burn ilig-cfaar(^al>  enlist  b^^putiiiiy 
iiegrees  on  the  grate  androimd  tfa^^k>wef'enfl'ofi>tti4 
tube  a.  a.  and  at  Uie^'^ame^tinie  <8l)fi]b  deemin  Am 
little  brass  basin  /. /i:44)^' the  grease  may- not  mdt 
nor  the  stop-cock  ie&k;  a  dpirit-^cwiab  JtihapA^Ai 
must  theil  be  placed  umlertlieigvate'^^aliduititBeiM* 
ateiy  below  the  tuh^'ct^u,  the*  lower  part  of  whicli 
ivtU  sopa  be  nearly  dull  red  hot^  when  the  end  of  the 
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benl  tube  b.  b,  must  be  introduced  under  a  eniall 
receiver  full  of  mercury,  and  a  certain  numfber  of  th« 
little  balls,  which  it  is  unnecessary  to  weigh,  drop- 
ped,  by  means  of  the  stop-cock,  into  the  tube  a^  a. 
Each  pellet  takes  fire  almost  as.  soon  as  it  falls,  and 
occasions  an  immediate  and  pretty  considerable  dipenr 
gagement  of  gas ;  by  these  means  all  the  air  of  the 
apparatus  is  driven  out,  and  replaced  by  precisely  the 
same  gas  as  must  remain  at  the  end  of  the  experiment. 

D.  When  about  twenty  of  the  pellets  have  been 
thus  decomposed  in  the  tube  a.  a.  incline  the  brick 
so  as  to  immerse  the  bent  tube  deeper  in  the  mercury^ 
Take  away  the  jar  which  has  received  the  gases,  and 
put  a  graduated  one  full  of  mercury  in  its  place. 

£.  The  apparatus  being  thus  arranged,  drop  a 
certain  number  of  the  little  balls  one  after  another 
into  the  tube  a.  a.  till  the  bottle  is  full  of  gas,  when 
it  must  be  removed^  and  another  introduced  into  itK 
place,  and  the  operation  continued  till  a  suiBcieiit 
quantity  of  the  subject  of  the  anafysis  has  been  de- 
composed. 

F.  The  tube,  during  the  whole  process,  should 
be  kept  at  the  greatest  heat  it  can  bear  without  fusing, 
to  obviate  as  much  as  possible  the  formation  of  any 
hydruretted  carbon,  or  carbonic  oxide.  To  ascertain 
if  either  of  those  gases  be  notwithstanding  produced, 
detonate  two  hundred  parts  of  the  gas  obtained,  with 
40  parts  of  hydrogen  in  the  mercurial  eudiometer,  by 
the  electric  spark.  The  hydrogen  will  be  burnt  by 
the  excess  of  oxygen  in  the  gas  obtained  in  the  experi- 
ment, as  ^ell  as  the  other  inflammable  gases,  if  any' 
be  present,  which  will  be  known  by  measuring  tb» 
residuum  ai\er  the  detonation,'  for  if  the  gas  contained 
neither,  the  absorption  ^will  b«  equal  to  one  vol«ai# 
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and  a  balf  of  the  hydrogen  employed,  but  otherwise 
greater,  ahd  so  much  the  more  as  they  prevail 
in  the  mixtoie*  It  is  evident  that  the  quantity  of  ^ 
chlorate  used  to  decompose  the  vegetable  matter^ 
must  be  such  as  to  afibrd  a  considerable  excess  ot 
oxygen.  Should  the  absorption  after  detonation  not 
amount  to  one  volume  and  a  balf  of  the  hydrogen 
employed,  there  is  a  deficienqr  of  oxygen ;  an  addi-  . 
tional  known  quantity  must  therefore  be  added,  and 
the  electrical  spark  again  passed  through  the  mixture* 

It  is  unnecessary  to  dwell  on  the  analysis  of  the 
gases;  sufficient  directions  have  already  been  given 
on  that  subject  in  the  beginning  of  this  work, 

I  subjoin  a  taUe  containing  the  results  of  the  ana«> 
lyses  of  fifteen  vegetable  substances,  examined  by  M« 
M«  Gay  Lttssac  and  Thenard. 
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TABLE 

OT  THE  PBOPORTIOMS  CF  THE  B1SMEKT8  OF  FIFTSKX 

VEGETABLE  SUB«TANCE«. 


^ 

• 

Supposing  tlic  oxygen  and 

H  dio- 

hydrogen  to  exist  as  waMr. 

dub»UDces 

Oxygen 

analysed. 

Carbon. 

Oxygen. 

gen. 

Carbon. 

Water. 

io  excess. 

Su^r  *  .  .  . 

42.47 

50.63 

6.90 

42.47 

57.53 

0 

Gum  Arabic 

4?.23 

50.84 

6.93 

42.23 

57.77 

0 

Starch.   ... 

43.55 

49.68 

6.77 

43.55 

56.45 

0 

Sunr  of  Milk 

Vi/on*     •     •     •            • 

38^25 

53,834 

.     7.341 

38.825 

61.175 

O' 

62.53 

41.78 

5.69 

52.53 

47.47 

0 

Beech  .... 

51.45 

42.73 

5.82 

51.45 

48.55 

0 

Mucus  Acid . 

33.69 

62.67 

3.68 

33.69 

30.16 

36.11 

Oxalic  .... 

86.57 

70.69 

8.74 

26.57 

22.87 

50.56    ' 

Tartaric    •  . 

24.05 

69.32 

6.63 

24.05 

55.24 

20.71 

Citric  .  •  .  • 

33  81 

59.86 

6.33 

33.81 

52.75 

13.44 

Acetic     .  .  . 

50.29 

44.15 

5.63 

50.22 

46.91 

2.87 

Hydro- 
gen ia 
excess. 

Turpentine 

7'5.94 

1334 

10.78 

75.94 

15.16 

8.90 

Cof  al  »  .  •  . 

76.81 

10.61 

12.58 

76.81 

^2.05 

11.14 

Wax 

81.79 

5.54 

12.67 

81.79 

6.30 

11.91 

Oiive  Oil  .  . 

77.21 
1 

9.43 

13.36  L 

77.2J 

10.71 

12.0t 

%  396.  In  the  analysis  of  animal  substances,  which 
in  all  respects  is  conducted  precisely  like  that  of  re* 
getables,  it  is  essential  that  the  chlorate  of  potassa  b# 
not  in  excess,  for  in  that  case  a  portion  of  nitrous  gat 
is  always  formed,  in  greater  quantity  as  the  tempfwra- 
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ture  is  less  elevated,  and  the  subject  of  the  analysis 
aboiHids  in  azote.     It  is  easy  to  ascertain  the  necessary 
proportions  of  chlorate  andaninml  matter,  by  project- 
ing a  mixture  of  known  composition,  into  a  red  hot 
crucible,  and  diminishing  or  increasing  the  dose  of 
chlorate,  till  the  residual  matter  has  a  light  grey 
colour:   as  in  the  decomposition  of  vegetable  sub«* 
stances,  the  bottom  of  the  glass  tube,  must  be  kept  at^ 
the  greatest  iieat  it  can  bear  without  fusing,  during 
the  whole  operation.     To  be  certain    that  neither 
nitrouj  gas,  nor  ammonia  are  produced,  expose  slips 
of  moistened  J itmus  and  turmeric  papers  to  the  fumes- 
arising  from  the  decomposing  animal  matter. 

The  following  are  the  results  of  M.  M.  Gay  Lussac 
and  Thenard^s  analyses  of  the  foilr  most  common  ani- 
mal .substances,  fibrin,  albumen,  gelatin.,  and  caseous 
matter. 


Substance*  analysed. 


Fibrin  -....• 
Albuqieii  .  .  •  . 
Caseous  matter    .    . 


Gfilatio 


Carbon. 

53.360 
52.883 

59.781 
47.861 


Oxygen. 


19.865 


23.872 
11.409 
27.«07 


Hydro- 
gen. 

Axote. 

7.021 

19.984 

7.540 

15.705 

7.429 

21.381 

7.914 

ig:988 

I  feel  much  indebted  to  the  kindness  of  my  friend 
Mr.  I.  F.  Daniell,  for  the  followina^  observations,  drawn 
up  at  my  request,  on  the  preceding  apparattis  and 
mode  of  analysis.'  He  is  the  only  person,  as  far  as  I 
know,  who  has  made  a  trial  of  it  in  this  country. 
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I  gire  the   observations   in    Mr«    Daniell's  oi¥ii 
words  :— 


*<  Dbar  Sir, 

^^  According  to  your  request,  I  send  you  a  few 
observations  upon  M.  M.  Gay  Lussac  and  Thenard^s 
apparatus  for  the  analysis  of  vegetable  bodies.  The 
objections  which  have  been  hitherto  advanced  against 
it,  have  been  chiefly  theoretical ;  my  remarks  shall  be 
wholly  practical,  and  if  you  thiqk  that  they  may  tend 
in  any  way  to  point  out  sources  of  error,  or  to  remove 
difficulties  of  operation,  it  will  give  me  great  pleasure 
that  you  should  make  use  of  them  in  any  way  that  may 
best  answer  your  purpose. 

^'  In  selecting  glass  tubes  for  the  operation,  it  is 
highly  necessary  to  have  them  very  carefully  antiealed, 
as  otherwise,  whatever  care  be  taken  in  the  application 
of  the  heat,  they  are  almost  sure  to  crack.  The  ope- 
ration of  welding  in  the  lateral  glass  tube  is  very 
difficult  and  uncertain  ;  I  have  therefore  made  use  of 
a  brass  tube,  proceeding  from  the  socket  by  which  the 
cock  is  attached  to  the  glass  tube.  The  socket  and 
the  tube  are  made  to  fit  one  another  by  grinding.  I 
have  also  found  it  essential  to  have  a  case  of  thin  iron 
made  to  surround  the  part  which  is  exposed  to  the 
fire,  for  without  this  precaution,  although  the  heat 
never  exceeded  a  dull  red,  the  bottom  of  the  tube  was 
invariably  blown  out  into  a  bulb,  and  finally  burst. 
As  this  difficulty  is  not  pointed  out  in  M.  Thenard's 
book,  I  take  it  for  granted  that  it  arises  from  the 
greater  fusibility  of  the  English  than  the  French 
glass.    The  space  betweei^  th^  tube  and  its  Qase^  whiqh 
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was  as  small  as  possible,  I  filled  with  a  mixture  of  day 
and  sand.  In  thi^  manner  I  succeeded  perfectly  in 
decomposing  the  balls. 

"  I  have  two  objections  to  make  to  the  results, 
which,  although  they  may  appear  trifling  separately, 
yet  their  amount  combined,  seems  to  be  sufficient  to 
affect  an  operation  in  which  such  very  minute  portions 
of  the  substance  to  be  analysed,  are  employed,  and 
especially  when  it  is  recollected  that  loss  of  weight  is 
one  of  the  essential  elements  of  the  calculation. 
.  ^^  In  the  first  place  a  considerable  portion  of  the 
chlorate  of  potash  sublimes,  and  condensing  in  the 
colder  part  of  the  tube  escapes  decomposition. 

^^  In  the  second  place,  the  air  in  the  apparatus  being 
kept  in  a  state  of  greater  or  less  condensation  by  the 
pressure  of  the  mercury,  every  time  the  cock  is  turned, 
after  haying  dropped  the  ball,  a  portion  condensed  in 
the  cavity  escapes  with  a  whizzing  sound.  This  is 
very  audible  when  the  lateral  tube  is  plunged  less  than 
an  inch  in  the  mercury. 

^^  It  is  obvious  that  both  these  objections  may 
]be  very  miich  decreased  by  care  and  attention,  but  I 
do  not  think  it  possible  entirely  to  remove  them.  They 
are  at  any  rate  possible  sources  of  error,  which  it  may 
not  be  useless  to  point  out. 

^^  In  conclusion,  I  will  just  direct  your  attention  to 
an  inadvertence  of  M.  Tfaenard  in  the  directions  idiic]^ 
he  has  given  for  conducting  this  process,  which  is  at 
least  important  in  the  analysis  of  vegetable  and  animal 
acids.  He  says  that  a  certain  number  of  little  balls 
which  it  h  useless  to  weighs  are  let  fall  successively 
into  the  tube  as  a  preliminary  operation  for  expelling 
the  common  air  of  the  apparatus.    Now  it  is'n€C€ssairjf 
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to  weigh  them  in  order  to  calculate  precisely  the  qufts^ 
tity  of  carbonic  acid  coii^bined  with  the  barytes,  whe» 
Ibe  operation  is  finished.  * 

"  Sincerely  your's, 

«  I.  F.  Daniell.** 
MM  February y  1819. 


The  fourth  volume  of  the  Annuls  of  Philosophy 
eontains  a  paper  by  Berzelius,  ^^  On  the  definite  pro- 
portions in  which  the  elements  of  organic  nature  are 
•ombined/'  in  which  a  modification  of  the  preceding 
process  is  described.  He  also  used  chlorate'of  potassa, 
first  combining  the  8ul)stai)ce  to  be  examined  with 
oxide  of  lead,  and  added  a  tube  containing  chloride  of 
calcium,  to  collect  the  water  formed  in  the  experi*^ 
nent.  This  method,-  Dr.  Thomson  observes,  is  ob« 
viously  better  than  that  of  the  French  chemists,  who 
eould  not,  by  their  apparatus,  estimate  the  quantity 
o^  the  water,  but,  neither  by  their  method  nor  by 
that  of  Berzelius  can  the  composition  of  these  bodies 
which  contain  azote,  be  accurately  determined. 

The  following  method,  by  means  of  peroxide  of 
copper,  lYhich  has  been  practised  by  Beraid  and  other 
chemists,  but  was  first  used  by  Gay  Lussac  in  the 
analysis  of  uric  acid,  seems  in  Dr.  Thomson's  estima- 
tion preferable  to  either  of  the  foregoing ;  he  says  he 
has  often  .practised  it ;  I  cannot  therefore  do  better, 
than  give  the  reader  the  account  of  it  in  his  own  wordr, 
as  I  find  them  in  the  third  volume  of  the  Supplement 
to  the  Encyclopedia  Britannica,  p.  527. 

''  Procure  a  copper  tube,  bored  from  a  solid' copper 
rod  about  twelve  inches  long,  and  with  a  bore  of  about 
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one-third  of  an  inch  in  diameter.  .  To  the  moutd  of 
this  tube  a  brass  tube  must  be?  ground  air-tight.    Thi$ 
brass  tube  may  be  about  four  inches  iong,  and  bent  near 
the  middle  at  an  angle  of  about  45^     To  the  opposite 
end  of  the  brass  tube,  a  glass  tube  about  six  inches 
long  is  fitted,  so  as  to  be  nearly  air-tight.     This  glass 
tube  is  bent  at  the  end,  so  that  it  can  be  introduced 
below  the  mouth  of  a  glass  jar,  standing  inverted 
upon  the  mercurial  trough  and  full  of  mercury.    Th« 
glass  tube  is  filled  with  dry  nvuriate  of  lime,  in  the 
state  of  powder.     The  upper  and  lower  ends  are 
filled  with  amianthus.     Its  weight  must  be  carefully 
ascertained  and  Written  down.     For  greater  security, 
let  the  glass  tube  be  luted  to  the  brass  tube.    Fill  the 
brads  tube  with  amianthus.     Weigh  out  three  grain* 
of  the  vegetable  substance  to  be  analysed.     It  is  best 
to  take  it  in  its  natural  stat^,-  without  freeing  it  from 
the.water  which  it  may  contain.     This  water  must  be 
ascertained  by  other  experiments,  and  its  quantity 
allowed  for  in  the  analysis.     Mix  these  three  grains 
with   120  grains  of  peroxide  of  copper,  previously 
reduced  to  the  state  Of  a  fine  powder.    The  mixture 
must  be  as  intimate  as  possible,  that  is  to  say,  the 
vegetable  substance  must  be  equally  diffused  through 
the  whole  of  the  oxide  of  copper.     Put  the  mixture 
into  the  copper  tube ;  it  will  fill  about  five  inches  of 
it;  fill  up  the  tube  now  completely  to  the  mouth  with 
peroxide  of  copper,  atid  put  a  little  amianthus  over  it, 
to  prevent  any  of  the  oxide  fi'om  falling  out.     Then 
fix  the  brass  tube  in  the  copper  one.     Put  the  copper 
tube  upon  a  small  iron  chaffer  or  cradle,  so  that  one 
half  of  the  tube  is  within  the  chafier,  and  the  other 
half  on  the  outside,  and  the  whole  apparatus  must  be 
so  plated,  that  the  extremity  of  the  glass  tube  is  beloW 


an  inverted  glass  jar^  standing  over  mercury  in  the 
mereurjal  trough.  That  portion  of  the  copper  tube^ 
which  is  on  the  outside  of  the  chaffer,  is  now  to  ba 
covered  with  a  coat  of  moist  clay,  about  an  inch  in 
thickness.  This  covering  will  prevent  the  beat  from 
passing  nearly  so  rapidly  along  the  copper  tube;  the 
consequence  of  which  will  be,  that  the  brass  tube  will 
remain  comparatively  cool  during  the  whole  experi- 
ment, A  few  pieces  of  burning  charcoal  are  now 
placed  round  the  portion  of  the  copper  tube  which  is 
within  the  chaffer.  The  fire  is  made  to  commence  at 
the  end  of  the  tube  nearest  the  mercurial  trough,  and 
it  proceeds  gradually  backwards  to  the  bottom  of  the 
tube.  Care  should  be  taken  to  keep  the  fire  low,. and 
to  let  the  combustion  proceed  slowly.  The  copper 
tube  need  hardly  be  heated  red  hot:  though,  to  be 
sure  that  the  combustion  has  been  complete,  we  are 
always  in  the  habit,. just  before  we  terminate  the 
process,  to  make  the  whole  of  the  copper  tube  within 
the  chaffer  distinctly  red  hot.  If  the  vegetable  sub- 
stance analysed  happens  to  contain  azote,  there  seems 
to  be  a  temperature  somewhere  about  a  red  heat,  at 
which  nitric  acid  is  formed.  As  such  a  product  would 
destroy  the  accuracy  of  the  experiment,  it  is  material 
to  keep  the  heat  so  low  as  to  prevent  the  risk  of  any 
such  formation. 

^^  As  soon  as  the  temperature  rises  sufficiently  high> 
the  vegetable  substance  is  completely  decomposed. 
The  carbon  which  was  contained  in  it,  combine-^  with 
oxygen,  contained  in  the  oxide  of  copper,  and  is  con- 
verted into  carbonic  acid.  The  hydrogeyi  combines 
with  oxygen,  and  is  converted  into  water,  while  the 
.azote  makes  its  escape  in  the  gaseous  state.  The  car- 
t^oi^ic^^cid  and  ^zotic  gfises  will  be  collected  in  the 
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graduated  glass  jar  over  the  mercury.  To  ascertain  the 
balk  of  each,  let  up  into  the  jar  a  quantity  of  potash 
ley,  and  let  it  stand  in  contact  with  the  gases  for  twenty* 
four  hours.  The  whole  of  the  carbonic  acid  will  be 
absorbed.  The  diminution  of  bulk  wil)  give  the 
quantity  of  carbonic  acid,  while  the  residual  bulk  will 
give  the  quantity  of  azotic  gas ;  making  allowance  for 
the  alteration  in  the  bulk  occasioned  by  the  column  of 
mercury  in  the  jar,  and  by  any  change  of  temperature 
that  may  have  taken  place  during  the  continuance  of 
the  experiment.  Indeed  it  is  always  necessarj  to 
reduce  the  gases  to  the  bulk  which  they  would  occupy 
at  the  standard  temperature  of  60°,  and  when  the 
height  of  the  barometer  is  SO  inches.  Knowing  the 
bulk  of  these  gases,  it  is  easy  to  deduce  their  weight, 
and  hence  to  know  the  quantity  of  carbon  and  azote 
which  the  three  grains  of  the  vegetable  substance 
analysed  contained.  The  increased  .weight  of  the 
muriate  of  lime  will  give  us  the  water  formed  by  the 
process,  or  separated  from  the  vegetable  substance  by 
the  heat.  Subtracting  frbra  this  weight  the  known 
proportion  of  water  contained  in  the  vegetable  sub* 
stance,  determined  by  other  experiments,  the  remainder 
will  be  the  water  formed  by  the  .union  of  the  hydrogen 
in  the  vegetable  substance  with  the  oxygen  of  the 
oxide;  ±3,  of  the  weight  of  this  water  is  the  hydrogen 

contained  in  the  three  grains  of  vegetable  substance 
analysed.  Thus  we  determine  the  weight .  of  the 
azote,  carbon,  and  hydrogen,  which  our  vegetable 
substance  contains.  Add  all  these  weights  together. 
If  th^y  amount ^to  three  grains,  we  may  conclude  that 
our  substance  contains  no  oxygen;  but  if  the  weight, 
(as  will  almost  always  happen)-  be  less  than  three 
grains,  we  must  suppose  that  the  substance  contained 
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m  (qnahtitj  of  oxjgen,  the  weiglit  of  which,  when 
miAed  to  that  of  the  other  conatitaetits,  will  make  up 
the  weight  of  three  graioR,  the  water  which  exists  as 
«  coaatitueiit  of  the  body  being  supposed  subtracted.'^ 

Dr.  Prout,  by  this  method  of  analysis,  found  uric 
add,  to  be  composed  of 

hydrogen  •  .  .  '2.857 
carbon  »  •  •  •  S4.SS6 
azote  ...  *  40.000 
ejiygen      i    .     .    22.857 

100.000 

The  probable  atomic  composition  of  an  aninial  or 
▼egetabld  substance  cannot  well  be  arrived  at,  bj 
Kierely  knowing  the  quantities  of  the  ultimate  elements 
of  which  it  is  composed.  It  is  also  necessary  to  ascer^ 
lain  the  combinations  it  is  capable  of  forming  with 
substances  of  known  composition.  We  have  seen 
i%  102)  that  when  an  acid  combines  with  a  metallic 
oxide,  the  oxygen  in  the  farmer  bears  a  certain  pro* 
portion  to  that  in  the  latter,  and  in  the  mineral  acids, 
it  generally  amounts  to  two  or  three  atoms  in  the  acid 
for  one  in  the  base.  By  applying  this  rule  to-  vege- 
table and  animal  substances,  we  obtain  a  ready  method 
of  jGnding  the  number  of  atoms  of  oxygen  which  thej 
contain,  at  least  those  that  are  capable  of  forming 
chemical  compounds  with  known  oxides,  and  hence 
it  is  easy  to  determine  the  number  of  atoms  of  th^ 
other  elements. 

An  example  will  render  this  clearer.  Berzelius 
faand  gallate  of  lead  composed  of  *      . 

gallic  acid      •     .     •     100 
oxide  of  lead      .    .    174 
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174  of  oxide  of  lead  contain  12.44  of  oxygen,  and, 
tupposing  the  salt  to  consist  of  an  atom  of  acid  and 
one  of  the  baae,  the  equivalent  number  of  the  former 
is  6(),  that  of  oxide  of  lead  being  104.5  The  analysis 
of  gallic  acid,  by  combustion  with  chlorate  of  potassai 
,  j^v«  the  same  chemist  ^ 

hydrogen     ...      5. 
carbon     ....    56.64 
oxygen  •     •     .     •    38.36 

100.00 

Since  the  oxygen  in  the  acid  is  propoiiionaie  to  that 
in  the  base,  if  we  divide  the  quantity  obtained  from 
100  parts  of  the  former  by  that  contained  in  the  portion 
of  oxide  required  for  their  saturation,  the  quotient 
will  express  the  number  of  atoms  of  oxygen  in  the 
acid,  and  it  will  be  in  the  same  ratio  to  the  number  of 
atoms  of  each  of  the  other  elements  of  the  acid  as  the 
quantity  of  oxygen  is  to  their  quantities  respectively* 

Thus  ^\^  =  3,09,  whence^  omitting  fractions,  we 
^  may  consider  the  number  of  atoms  of  oxygen  to  be 
3  or  7.5  X  3  =  22.5  (a). 

Again,  38.36  :  56.64  : :  22.5  :  33.22  and  Hir*  = 
5.83  z=  atoms  of  carbon  and  38.36  :  5 : :  22.5  :  3.19 
=:  atoms  of  hydrogen. 


(i)  The  equivalent  numbejn  of  the  elements  of  the  acid  are 
hydrogen  1 
carbon      5.7 
•x/S^en     7.5.    (See  Table  of  cheaiital  equivalents.  Appendix.} 
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The  atomic  composition  of  gallic  acid  maj  therefore 
be  expressed  thus : 

oxygen  7.5  X  ^  =  22.5  .  .  58.36 
carbon  5.7  X  6  =  34.2  •  .  56.64 
hydrogen  1.    X  S  =    3.0    .     .    5.00 

59.7  100.00 

These  numbers  are  not  perfectly  correct,  the  oxygen 
and  hydrogen  a  little  exceed  the  exact  quantity,  and 
the  carbon  falls  something  short  of  it ;  but  their  sum 
comes  so  near  to  the  weight  of  an  atom  of  tBe  acid, 
as  to  justify  our  considering  it  to  be  constituted  as 
above,  especially  when  the  difficulty  of  obtaining  per* 
fectly  accurate  reeults,  in  experiments  of  this  nature^ 
is  taken  into  the  account.  The  object  of  introducing 
the  analysis  at  all  in  this  place,  is  merely  to  shew  the 
manner  in  which  the  atomic  constitution  of  these 
bodies  may  be  calculated.  After  all  we  must  not 
regard  it,  in  the  present  state  of  our  knowledge,  as 
more  than  an  ingenious  hypothesis,  supported  how^ 
ever,  by  strong  analogies,  and  the  utter  improbability, 
with  the  satisfactory  proofs  we  possess  of  the  definite 
nature  of  inorganic  compounds,  that  the  more  delicate 
structure  of  organised  matter  should  want  the  same 
constancy  of  arrangement  that  prevails  in  the  former; 
for  whatever  may  be  the  fate  of  the  atomic  theory, 
whether  it  shall  hereafter  be  established  or  over* 
thrown,  the  theory  of  definite  chemical  proportions  ' 
must  stand  immovable,  for  its  basis  is  truth* 

The  reader  who  wishes  to  pursue  this  subject  fur- 
ther, may  study  the  elaborate  essay  of  Professor  Ber-  . 
flelius  in  the  fourth  and  subsequent  volumes  pf  the 
Annals  of  Philosophy,  with  advantage. 


mr 
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Before  the  Student  can  derive  assistance  from  the 
preceding  pages,  it  will  be  necessary  for  him  to  know 
to  which  of  the  six  chapters,  into  which,  as  into  so 
many  classes,  the  subject  has  bi^en  divided,  any  sub^ 
stance  presented  for  analysis,  is  to  be  referred.  A  few 
short  directions  will  suffice  for  this  purpose. 

In  general  the  physical  properties  of  the  substance 
will  indicate  its  cl|i98.  Thus  no  question  can  arise  as 
to  the  gases;  they  clearly  cannot  be  confounded  with 
any  other  bodies,  por  referred  to  any  chapter  but  the 
second. 

Mineral  waters  speak  as  plainly  for  themselves,  their 
•bvious  characters  at  once  shew  them  to  belong  to  the 
sixth  chapter. 

Vegetable  and  animal  substances,  which  occupy  the 
seventh,  are  very  easily  distinguished,  by  heating  a 
•mall  portion  in  a  glass  tube,  or  on  a  slip  of  platina 
foil  in  the  flame  of  a  candle;  the  greatest  part  wijl 
burn  away,  leaving  a  black  coal,  and  if  it  be  animal 
matter,  will  exhale  a  peculiarly  offensive  smell,  like 
that  of  burning  feathers.  The  portion  heated  in  the 
tube,  will  give  off  a  large  quantity  of  gas,  with  the 
other  products  of  the  decomposition  of  vegetable  and 
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animal  matter,  and  a  light,  black  bulkj  coal',  will  be 
left  in  the  retort. 

The  physical  properties  of*  colour,  form,  and  tas^e, 
will  generally  be  sufficient  to  shew  if  a  substance 
belong  to  the  fifth  chapter,  which  treats  of  the  salts ; 
otherwise,  we  must  a^ertain  its  chemical  characters. 
If  soluble  in  water,  dissolve  it,  and  add  a  caustic  al- 
kali^ or' alkaline  sub-carbonate;  if  insoluble,  boil  it 
with  a  solution  of  one  of  those  substances:  an  oxide 
or  carbonate  will  be  deposited^  according  to  the  re- 
agent employed,  (unless  the  b^se  of  the  salt  be  alka- 
line,) whose  particular  nature,  aa  well  as  that  of  the 
acid,  which,  during  the  decomposition  of  the  salt  will 
hare  united  to.  the  alkali,  must  be  ascertained  by  the 
rules  described  in  the  fourth  and  fifth  chapters. 

If  the  substance  be  soluble,  and  no  precipitate 
ensue  on  adding  an  alkali  or  its  sub-carbonate^  the 
base  must  be  alkaline,  and  a. reference  to  ^  167. ^ill 
•how  how  it  may  be  distinguished.  Should  the  base 
of  the  salt  be  morphia,  or  picrotoxine,  it  will  be  des- 
tructible by  heat,  as  will  the  acid  also,  if.it  be  .either 
animal  or  vegetable. 

If  both  acid  and  base  be  combustible,  they,  must  both 
j[)e  derived  from  organized  matter,  and  may  be  difl^ 
tinguished  by  the  characters  detailed  in  the  seventh 
chapter.  • 

'The  acids  redden  vegetable  blues,  and  neutralise 
aalifiable  bases.  Metallic  oxides,  with  the  exception 
of  protoxide  of  mercury  and  oxide  of  silver,  fbrm 
inore  or  le^s  soluble  and  neutral  salts  with  Uqiud 
hydrochloric  acid;^those  which  are  highly  oxygen- 
ated, as  the  peroxide  of  manganese,  at  the  same  time 
occasion  the  evolution  of  ohloriue  ^  olberii,  as  potas- 
ftiuni,  of  hydrogen. 
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As  to  their  physical  properties,  metallic  oxides  are 
llolid  and  brittle ;  when  ifi  powder  they  have  no  lustre; 
are  all^  except  oxide  of  osmium,  inodorous;  and 
onlj  those  of  the  metals  of  the  second  section  and  of' 
osmium  have  any  flavour ;  they  are  white  or  coloured, 
(see  the  table  of  their  colours,  appendix  F.)  heavier 
than  water,  but  of  less  specific  gravity  than  the 
metals  from  which  they  are  derived,  unless  the 
metal,  be  very  light  and  have  great  attraction  for 
oxygen,'  as  potassium  and  sodium.  They  have  no 
action  on  vegetable  blues,  but  most  of  them  i^estore 
their  blue  colour  after  being  teddened  by  ah  acid,  (a} 
The  oxides  of  the  second  section,  and  magnesia, 
change  the  yellow  colour  of  turmeric  to  brown. 

As  there  are  only  two  non-metallic  oxides  not 
gaseous,  water  and  oxide  of  phosphorus,  whose 
characters  are  strongly  marked,  their  class  cannot  be 
mistaken.  They,  as  well  as  the  acids  and  other  oxides^ 
all  belong  to  the  fourth  chapter. 

If  the  substance  belong  to  neither  of  the  five  chap« 
ters  already  enumerated,  it  is  pretty  cl^ar  it  must 
be  referred  to  the  third,  the  only  one  remaining,  and 
consequently  is  either  a  simple  metal,  an  alloy,  or  a 
non-metallic  combustible.  For  the  characters  of  the 
non-metallic  combustibles,  consult  §  38.  The  metals 
and  their  alloys  are  readily  distinguislied  by  their 
brilliancy,  high  specific  gravity,  (the  bases  of  the  alka- 


(a)  IJtmus  appears  to  be  a  compound  of  a  red  vegetable  coldur 
with  an  alkali,  or  metallic  oxide.  When  an  acid  is  added  to  its  solution  j 
the  acid  combines  with  the  base  and  disengages  the  red  colour;  on 
adding  more  oxide  to  the  liquid,  a  new  compound  is  formed  with  the 
reddening  principle,  and  the  blue  colour  rep^od^ced.  (Theoard,  vol* 
ii.  p.  S») 

«   A 
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lies  excepted,), ductility,  tenacity,  and  by  being  per- 
feet  conductors  of  electricity.  Tbe  assemblage  of  all 
these  properties,  or  the  greater  number  of  them, 
denote  a  substance  to  belong  to  the  third  chapter,  and 
a  reference  to  the  characters  detailed  in  the  second 
division  of  it,  ^  39,  will  distinguish  its  individual 
nature  (a). 

It  is  hardly  necessary  to  add  that  compound  subf- 
stances,  formed  of  several  ingredients  belonging  to 
different  classes,  require  a  more  laborious  examina- 
tion to  distinguish  their  elements,  and  cannot  be 
referred  to  any  particular  chapter. 

I  have  concluded  my  task ;  and  though  I  hope  U 
will  not  be  found  uninteresting  or  useless,  I  ara  con^* 
Scions  how  very  far  it  is  from  that  perfection  to  which 
I  would  anxiously  desire  to  raise  it.  Far  greater 
leisure  than  I  possess  would  be  requisite  toprodiyce 
such  a  work ;  even  a  life  devoted  to  the  labour  would 
hardly  suffice,  though  not  a  short  one.  Every  expe* 
riment,  in  every  part  of  the  subject,  should  be  care- 
fully repeated,  the  result  of  every  process  laid  down, 
critically  examined,  and  its  accuracy  established  by 
comparison  with  other  processes,  tending  to  th^  same 
results,  but  differently  conducted  ;  but  he  who  knows 
the  time  required  to  make  one  satisfactory  analysis^ 
will  know  the  impossibility  of  the  attempt. 

Such  as  it  is  then,  must  this  little  volume  go  forth 


^tam 


(<}  I  may  tsike  this  6pportunity  of  mentioning  the  absolute  neceMty 
th»t  all  the  re-agenst  and  tests  employed  in  analytical  chemistry  be  of 
the  utmost  purity.  I  recommend  the  young  chemist  to  adopt  the  use- 
hxl  practice  of  preparing  them  for  himself,  if  his  leisure  will  permit; 
otherwise,  he  may  obtain  them  of  Mr.  Garden,  in  Oxford-ttreet,  t« 
whose  cf  re  and^kill  in  their  preparattoa  I  can  bear  ample  testimoay* 


•    « 


CONeLUSION. 


371 


into  the  world — all  its  imperfections  on  its  head- 
would  they  were  less  and  fewer,  not  only  for  his  sake 
who  put  it  together,  but  for  his  also  for  who3e  use  it 
is  intended,  the  inexperienced  and  the  learner.  To 
higher  aims  it  has  no  pretensions.  To  him  it  may 
serve  as  a  humble  pioneer  to  clear  away  some  of  the 
obstacles  that  encumber  this  path  of  chemical  science ; 
but  compleat  victory  over  the  host  of  difficulties  that 
will  present  themselves,  can  only  be  Obtained  by  .hit 
own  diligence,  patience,  and  reflection. 
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A.  I  have  a  balance,  whose  b^am  (a  double  cone, 
15  inches  long,  and  2|  inches  diameter  in  the  middle) 
pahs,  the  wires  which  support  them,  and  the  weights, 
are  of  platina,  and  the  knife  edge,  and  planes  they 
turn  on  of  agate.  This  balance  is  sensible  to  the 
•j-^^dth  part  of  a  grain  when  loaded  with  1000  grains 
in  each  pan.  Platina  and  agate,  not  being  liable  to  be 
acted  on  by  corrosive  vapours,  render  this  balance 
peculiarly  convenient  for  the  laboratory;  and  the 
effect  which  changes  of  temperature  have  on  this 
metal  is  so  slight,  as  seldom  to  require  any  altera- 
tion in  the  adjustment.  The  balance  was  made  by 
Fiddler. 

The  essential  requisites  in  a  good  balance  are,  1st, 
the  points  of  suspension  of  the  scales,  and  the  centre 
of  motion  of  the  beam  must  be  in  a  straight  line;  2nd, 
the  arms  must  be  of  equal  length ;  Sd,  the  centre  of 
gravity  must  be  in  the  centre  of  motion ;  4th  the  arms 
must  be  in  equilibrio  when  the  balance  is  empty  ;  5th, 
there  must  be  as  little  friction  as  possible  at  the 
centre  of  motion.  A  defect  in  any  of  these  properties 
makes  the  balance  either  imperfect  or  false.  But  it  often 
happens  that  one  side  of  the  beam  is  made  shorter  than 
the  other,  and  the  defect  covered  by  making  that  scale 
the  heavier;  by  which  means  the  scales  hang  in  equi- 
librio when  empty,  but  when  they  are  charged  with 
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any  weights^  so  as  to  be  still  in  equiUbrio,  tho&e 
weights  are  not  equal,  but  the  deceit  will  be  shewn  bjr 
changing  the  weights  to  the  contrary  sides,  for  then" 
the  equilibrium  will  be  immediately  destroytjd.  (Hut- 
ton's  Mathematics,  p.  181.  vol.  2.) 

B.     The  best  method  with  filters  is  to  use  double 
papers,   which    (being  equally   dry)  are   first   accu- 
rately balanced  against  one  another,  then  folded  up 
together,  and  the  liquid  filtered  through  both.    When 
the  precipitate  is  sufficiently  washed,  it  is  to  b6  dried? 
on  the  filter,  which  must  not  be  separated  from  its^ 
fellow  till  that  operation  is  finished.     The  substance 
and  its  filter  are  then  to  be  placed  in  one  pan,  and  th€^ 
counterpoise  in  the  other,  and  weighed.     In  most* 
instructions  for  mineral  analysis  100  grains  of  the 
substance  at  least  are  directed  to  be  employed ;  but  as 
correct  results  may  frequently  be  obtained,  by  work- 
ing on  half  or  even  a  fourth  part  of  that  quantity. 

In  this  microscopic  chemistry,  first  successfully  prac-^ 
tised  I  believe  by  Dr.  Wollaston,  labour  and  expense 
are  abridged  and  all  the  phenomena  attending  the  ex- 
periments brought  more  within  our  observation.    Eor 
apparatus,  a  small  oil  lamp  and  a  spirit  one,  a  few^ 
test  tubes  and  watch  glasses,  some  silver  and  platina 
foil,  sticks  of  charcoal,  and  the  blowpipe ;  with  a  suffix* 
cient  assortment  of  pure  tests,  and  a  small  delicate* 
balance  (a)  are  nearly  all  that  is  required;  the  par* 
lour  fire-side  becomes  a  convenient  laboratory,  and 
the  black  dust  and  swelter  of  the  furnace  are  ex- 
changed with  advantage  for  clean  hands  and  comfort.. 


<  (a)  Such  balances  have  lately  beeu  made  by  Corless,  No«  19,  New* 
castle<9treet.  Strand.  They  are  extremely  sensible  and  accurate,  and 
not  of  high  price. 
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In  this  ndode  of  operating  it  is  better  to  avoid  the  use 
of  filters  as  much  as  possible,  and  instead,  to  draw  off 
the  supernatant  fluid  from  the -precipitates,  if  they  8ul> 

,  side  readily  and  entirely,  by  means  of  a  glass  tube, 
terminating  at  one  extremity  in  a  fine  point,  and  having 
a  bulb  to  collect  the  fluid,  at  about  1\  inch  above  it.- — 
(See  apparatus.) 

If  filters  be  unavoidable,  theyt  should  be  washed 
with  distilled  water  before  they  are  >used.  For 
drying  filters  I  have  found  an  apparatus,  consisting 
•f  one  cylindrical  copper  vessel  inclosed  in  another, 

.  so  as  to  leave  a  vacant  space  of  about  three-eighths  of 
an  ii|ch  between  their  sides  and  bottoms,  extremely 
convenient.  The  filters  are  placed  in  the  inner  vessel; 
through  a  hole  in  the  iid  a  thermometer  passes,  sup- 
ported by  a  corky  and  an  argand  lamp  is  placed  below. 
With  this  apparatus  it  is  easy  to  expose  a  substaoco 
to  any  heat  between  100^  and  SSO^,  and  by  a  little 
attention  to  regulate  the  lamp,  a  very  steady  tempera- 
ture may  be  obtained.  By  this  mode  of  drying  we 
readily  ascertain  when  all  the  moisture  is  expelled,  for 
as  long  as  any  steam  is  given  off  the  thermometer  never 
rises  above  198^  or  200^. 

A  still  simpler  and  more  expeditious  method  is  to 
place  the  filters  in  a  wedgewood  basin  on  the  sand 
bath,  with  a  fold  of  paper  und^r  them  to  prevent  their 
being  scorched;  great  accuracy  is  obtained  in  this 
mode^  if  carefully  practised.  , 

I  have  mentioned  the  blowpipe  as  part  of  the  appa- 
ratus of  the  minute  chemist ;  it  is  no  less  serviceable 
to  thd  operator,  who  works  on  more  ponderous  masses, 

'  by  the  indications  it  affprds  of  the  general  natnre  of 
substances,  fragments  of  which  are  submitted  to  its 
agency.    I  shall  subjoin  some  useful  hints  concerning 
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it,  taken  chiefly  from  Gahn's  Treatise,  which  appeared 
in  the  Annals  of  Philosophy  for.  Januarjr,  1818,  and 
from  Bergntan^s  twentv-fifth.  Dissertation. 

.  Of  the  figure  of  an  instrument  so  well  known,  it  is 
needless  to  say  any  thing,  but  a  few  words  on  the 
mode  of  using  it  jnay  not  be  misplaced.  A  continued 
stream  of  air  is  absolutely  esaential,  to  p^oduce  which, 
without  fatigue  to  the  lungs,  an  equable  and  uninter* 
rupted  inspiration  must  be  maintained  by  inhaling- 
air  through  the  nostrils,  whilst  that  in  the  mouth  is 
ibrced  through  the  tube  by  the  compression  of  ih» 
cheeks. '  A  iktie  practice  will  make  this  operation 
easy,  but  at  first  considerable  lassitude  is  generally 
experienced  in  the  buccinator  muscles.  Afiter  habit 
has  rendered  the  operation  familiar,  a  current  may  be 
kept  up  for  ten  or  fifteen  minute,  without  incon« 
venicnce,  A  Iftfge  wax  candle  i*upplies  the  best  flame, 
which  being  urged  by  the  blast,  exhibits  two  distinct 
figures ;  tiie  internal  flame  is  conical,  blue,  and  well 
defined,  at  the  apex  of  which  the  most  violent  degree 
of  heat  is- excited ;  the  external  is  red,  vague,  and 
undeti^rmined,  and  of  very  inferior  temperature  to  the 
tbrnier. 

*  The  substance  to  be  (Submitted  to  the  action  of  the 
blowpipe,  which  should  not  be  larger  than  a  small 
pepper  corn,  must  be  supported  either  on  charcoal^ 
or  a  slip  of  platina  or  f^ilver  foil,  or  be  held  in  a  pair  of 
platina  pincers.  In  the  first  case  it  may  be  placed  in  fi 
cavity  in  the  eh'dircoal,  and  another  piece  laid  over  it 
to  prevent  its  being  carried  off  by  the  blast.  The 
metallic  supports  are  used  when  the  subject  of  the 
i^xperiment  is  intended  to  be  exposed  to  the  action  of 
heat  only,  and  might  be  altered  by  contact  with  the 
charcoal.     If  a  very  intense  heat  be  required  the  foil 
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may  be  laid  en  charcoal.  Salts  and  rolatile  sub* 
stances,  are  to  be  beated  in  glass  tubes,  closed  at  one 
end,  and  enlarged  according  to  circumstances,  so  as  to 
form  small  matrasses. 

The  exterior  flame  should  first  be  directed  on  the 
aubstance,  and  when  its  action  is  known,  then  the  in- 
terior blue  flara^.  Notice  should  be  taken,  whether 
the  matter  decrepitates,  splits,  swells  up,  liquefies, 
boils,  vegetates,  changes  colour,  smokes,  is  inflamed, 
becomes  obedient  to  the  magnet,  &c.  («) ;  when  the 
action  of  heat  alone  has  been  ascertained,  it  will  be 
necessary  to  examine  what  further  change  takes  place, 
by  fusing  it  with  various  fluxes,  and  also  whether  it 
be  capable  of  reduction  to  the  metallic  state. 


(fl)  M.  Hauy  hag  lately  proposed  the  following  ingenious  method  of 
fcndering  very  weak  magnetic  attractions  precipitible. 

If  we  conceive  the  needle  to  be  removed  a  little  from  the  plane  of  its 
magnetic  meridian,  its  directing  force  will  immediately  tend  to  restore 
it,  and  with  a  power  proportionate  to  the  size  of  the  a^gle  which  the 
lieedle  makes  with  the  magnetic  meridian.  Before  any  substance  can 
act  on  the  needle,  it  will  have  to  overcome  the  directing  force,  as  well 
as  the  friction  at  the  point  of  suspension ;  obstacles  which  may  prevent 
the  effect  of  very  slight  attractions  from  being  pei'ceived.  Toidimiaish 
the  force  opposed  t^the  action  of  the  needle,  M.  Haiiy  places  a  mag- 
netic bar  u  a  oertain  distance  frotn  it,  on  the  same  level  and  in  the 
direction,  of  its*  axis,  but  with  its  poles  situated  contrary  to  those  of  the 
needle.  If  we  suppose  the  magnetic  bar  to  be  placed  to  the  south  of 
the  needle,  the  south  pole  of  the  magnet  and  the  needle  will  be  opposed 
to  each  other,  and  if  the  magnet  be  made  to  approach  the  needle,  the 
latter  will  move  on  its  qentre  towards  one  side  or  the  other,  till  an 
equilibrium  is  produced  between  the  mutual  action  of  the  magnet  and 
needle,  and  that  of  the  needle  and  the  earth.  Coulomb  has  shewn  thai 
in  proportion  as  .the  needle  deviates  from  its  natural  position,  the 
increments  of  power  necessary  to  produce  equal  effects,  are  in  a  de< 
creasing  ratio ;  so  that  when  it  has  moved  through  nearly  a  quarter  of 
a  circle,  a  very  small  attractive  power  will  be  sufficient  to  influence  it. 
tyheo  i%  is  in  thif  position^  tl;^t  is  nearly  at  right  angles  with  the  v»^ 
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The  three  most  useful  fluxes,  are  the  triple  phos- 
phate of  soda  and  ammonia,  subcarbonate  of  soda  and 
borax.  These  are  to  be  kept  ready  pulverised,  and 
when  used,  a  sufficient  quantity  may  be  taken/up  bj 
the  moistened  point  of  a  knife ;  the  moisture  causes' 
the  particles  to  cohere  and  prevents  their  being  blown 
away,  when  placed  on  the  charcoal*  The  flux  must 
be  melted  into  a  clear  bead,  and  the  substance  then 
placed  on  it,  and  submitted,  first  to  the  action  of  the 
exterior,  and  then  to  that  of  the  interior  flame.  The 
appearances  which  ensue  must  be  observed;  as, 

1st.  If  the  substance  be  dissolved,  and  whether  with 
or  without  effervescence : 

2nd.  The  transparency,  and  colouir  of  the  glass 
whilst  cooling ; 

3rd.  The  same  circumstances,  when  cold ; 

4th.  The  nature  of  the  glass  formed  by  the  exterior 
flame; 

5th.  Also,  by  the  interior  flame. 

6th.  The  particular  appearances  with  each  of  the 
fluxes. 

jSubcarbonate  of  soda  does  not  form  a  bead  on  char- 
coal, but  with  a  certain  degree  of  heat  is  absorbed;  it 
must  therefore  be  added  in  very^  small  quantities,  and 
a  gentle  heat  used  at  first,  which  will  promote  combi- 
nation without  the  absorption  of  the  alkali*    Some 


netic  meridian,  the  needle  Is  in  its  most  sensible  state ;  and  is  afiTected 
if  any  substance.contxining  the  most  minute  portion  of  iron  be  pre- 
Mflted  to  it. 

Hauy  has  by  this  method  detected  iron  in  several  minerals  where  its 
presence  was  not  suspected,  or  where  it  was  supposed  to  exist  in  a 
sute  not  liabl^  to  be  affected  by  the  magneto— Annals  of  Philosophy, 
vol.  xti.p.  117. 
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niinerals  combkie  readily  with  very  ^sniall  poi-tipiis  of 
ioda^  but  diiBcultly  if  more  be  added,  and  are  abso* 
lately  infusible  with  it  in  great  excess ;  and  whejn  the 
substance  has  no  affinity  for  this  flux,  it  is  absorbed  by 
^e  charcoal,  and  jio  combination  ensues. 

When  the  mineral  contains  sulphur  or  sulphuric 
acid,  the  glass  ac(][uires  a  deep  yellow  colour,  which 
by  the  light  of  a  lamp  appears  red,  as  if  produced  by 
€opper. 

.  If  the  glass  bead  become  opaque  as.it  cools,  so  as  to 
render  the  colour  indistinct,  it  should  be  broken  and 
^  part  of  it  mixed  with  more  of  the  flux,  till  the  colour 
becomes  purer,  and  distinct.  To  make  the  colour  more 
perceptible,  the  bead  may  be  flattened  whilst  soft,:  or 
drawn  out  to  a  thread. 

If  it  be  wish^  to  oxidate  a  metallic  substance,  com- 
l^iped  with  either  of  the  fluxes,  the  glass  is  first  heated 
intensely,  and  when  fused,  gradually  withdrawn  from 
the  point  of  the  blue  flame,  and  the  operation  re-^ 
peated,  as  oftea  as  necessary,  using  a  jet  of  large 
aperture.  The  addition  of  a  little  nitre  also  assists 
the  oxidation.  For  the  reduction  of  metallic  oxides, 
the  glass  bead  is  to  be  kept  in  fusioi^  on  charcoal,  as 
Jong  a^  it  remains  on  the  surface  and  is  not  absorbed^ 
that  the  metallic  particles  may  collect  into  a  globule. 
It  is  then  to  be  fused  with  an  additional  quantity  of 
soda,  which  will  be  absorbed  by  the  charcoal,  and  the 
spot  where  the  absorption  has  taken  place,  strongly' 
igliited  by  a  tube  with  a  small  aperture.  By  con- 
Jkinuing  the  ignition,*  the  portion  of  metal  which  was 
not  previously  reducejd,  will  now  be  brought  to  the 
metallic  state,  and  the  process  may  be*  assisted,  by 
placing  the  bead  in  a  smoky  flame,  so  as  to  cover  it 
'with  a  soot  that  is  npt  easily  blown  off. 
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The  beads  which  contain  metals  frequently  have,  a 
metallic  splendour,  which  is  most  easily  produced  bj 
a  gentle,  fliittering,  smoky  flame,  when  the  more  in- 
tense heat  has  ceased.  With  a  moderate  heat  the 
metallic  surface  remains ;  and  by  a  little  practice  it 
may  generally  be  known  whether  the  substance  lindep 
examination  contains  a  metal  or  not.  But  the  glass  of 
foorax  alone  sotoetimes  assumes  externally  a  metallic 
appearance.  '  . 

When  the  charcoal  is  cold,  that  part  impregnated 
with  the  fused  mass  should  be  taken  out  with  a  knife, 
and  ground  with  distilled  water  in  an  agate  mortar. 
The  soda  will  be  dissolved;  the  charcoal  will  float, 
and  may  be  poured  off;  and  the  metallic  particles  will 
remain  in  the  water,  and  may  be  examined.  . 

In  this  manner  most  of  the  metals  may  be  reduced. 


Action  of  the  Blowpipe  on  the  Earths  and  Metallic 

Oxides. 


Bart/a^  when  containing  water,  melts  and  spreads 
on  the  charcoal.  Combined  with  sulphuric  acid,  it  is 
converted,  in  the  interior  flame,  into  a  sulphuret,  and 
is  absorbed  by  the  charcoal,  with  effervescence,  which 
continues  as  long  as  it  is  exposed  to  the  action  of  the 
instrument. 

Strontia^  if  combined  with  carbonic  acid,  when  held 
in  small  thin  plates  with  platina  forceps  in  the  interior 
flame,  has  its  carbonic  acid  driven  ofi^,  and  on  the  side 
of  the  plate  farthest  from  the  lamp,  a  red  flame  is  seen, 
sometimes  edged  with  green,  and  scarcely  perceptible 
but  by  the  flame  of  a  lamp.  Sulphate  of  strontia  is 
reduced  in  the  interior  flame  to  a  sulphuret ;  dissolve 
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Ihis  in  a  drop  of  bydrochloric  acid,  add  a  drop  of  ako* 
liol,  and  dip  a  thin  slip  of  deal  in  the  solution ;  it  will 
burn  with  a  fine  red  flame. 

Lime, — The  carbonate  is  easily  rendered  caustic  by 
heat ;  it  then  evolves  heat  on  being  moistened,  turns 
paper  stained  with  turmeric  brown,  and  is  infusible 
before  the  blowpipe.  The  sulphate  is  easily  reduced 
to  a  sulphuret,  and  possesses,  besides,  the  property  of 
combining  with  iluor  spar  at  a  moderate  heat,  forming 
a  clear  2:lass.    The  fluor  should  be  rather  in  excess. 

Magnesia  produces,  like  strohtia,  an  intense  bright* 
hess  in  the  fiame  of  the  blowpipe.  A  drop  of  a  solu* 
tion  of  cobalt  being  added  to  it,  and  then  dried  and 
strongly  ignited,  a  faint  flesh  red  colour,  scarcely  visi- 
ble by  the  light  of  a  lamp,  is  produced. 

Magnesia  may  in  this  manner  be  detected  in  com- 
pound bodies,  if  they  do  not  contain  much  metallic 
matter,  or  a  quantity  of  alumina  exceeding  that  of  the 
magnesia.  Some  inference  as  to  the  proportion  of. 
the  magnesia  may  be  drawn  from  the  intensity  of  the 
colour  produced. 

All  these  alkaline  earths,  when  pure,  are  readily 
fusible  with  the  fluxes,  into  a  clear,  colourless  glass, 
without  effervescence ;  but  on  adding  a  further  quan- 
tity of  the  earth,  the  glass  becomes  opaque. 

Alumina  combines  more  slowly  with  the  fluxes  thaa 
the  preceding  earths  do,  and  forms  a  clear  glass,  which 
does  not  become  opaque.  But  the  roost  striking 
character  of  alumina  is  the  bright  blue  colour  it 
acquires  from  the  addition  of  a  drop  of  nitrate  of 
cobalt,  after  having  been  dried  and  ignited  for  some 
time.  It  may  thus  be  detected  in  compound  minerala 
where  the  raetallfc  substances  are  not  in  great  propor- 
tion, nor  the  quantity  of  magnesia  large. 
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The  following,  according  to  Berzelius,  is  a  ready 
method  of  discovering  lithia,  in  any  mineral  sqpposeii 
to  contain  it;  it  is  founded  on  the  facility  with  which 
that  attali  attacks  platina. 

Take  a  morsel  of  the  mineral,  about  the  ^iz^  of  tf 
piii^s  head,  or  a  small  quantity  of  it  reduced  to.  line 
powder,  and  heat  it,  with  an  excess  of  soda,  on  a  slip 
of  platina  foil  before  the  blowpipe,  and  keep  it  red 
hot  for  about  two  minutes.  The  stojie  will  be  decom« 
posed,  the  §oda  will  expel  the  lithia  finom  its.  combina- 
tion, and  the  excess  of  alkali,  becoming  fluid  at  this 
temperature,  will  spread  over  the  surface  of  the  foil, 
and  envelope  the  decomposed  pass, .  The  platina 
round  the  fused  alkaline  mass  as^ume^  a  dark  colour^ 
deep  and  extensive  in  proportion  to  the  quantity  of 
lithia  in  the  mineral.  The  platina  be&eath  the  alkali 
id  not  oxidated,  but  only  in  those  parts  where  it  is  is 
contact  both  with  the  air  and  the  lithia.  Potaissa 
destroys  the  action  of  platina  on  the  lithia,  if  it  be  not 
in  considerable  quantity^  .  The  metal  recovers  it9 
brilliancy  after  being  well  washed  with  water  and 
heated  to  redness* — ^Annales  de  Cbimie^  vol.  x,  p.  104, 
note* 


Metallic  Oxides  and  Acids^ 

f    r    I 

Arsenic  flies  off  accompanied  by  its  characteristic 
smeli^  resembling  garlic.  When  larg^  pieces  of  white 
ar^nic  are  heated  on  ignited  charcoal,  no  smell  is. 
perceived.  To  produce  this  effect,  the  wl^ite  oxide 
must  be  reduced  by  being  mixed  with  powdered  char- 
coal.  If  arsenic  be  suspected  in  a  solution,  it  may  be 
discovered  by  dipping  into  it  a  piece  of  pure  and  weH 
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burtit  cbarcoal,  which  in  afterwards  to  be  dried  and 
ignited. 

Chromium. — ^Its  green  oitide  exhibits  the  following 
properties :  it  is  fusible  With  micrdcosmic  salt  (jpHog- 
phate  of  soda' and  ammotita)  in  the  ikilerior  flaifte,  into 
ar  glass  which  at  the  instant  of  its  reitaoiFai  from  the 
fianie  is  of  a  vfolet  hue,  approaching  more  or  less  to^ 
dafk  bine  or  red,  accordii^g  'to  the  proportion  of  the 
chromium.  After^oblrng;,  the  glass  is  bluish  green,  but 
lesif  blue  than  copper  glass.  In  the.  exterior  flame 
tbl^colour  becomes  brighter,  and  less  blue  than  the 
former.  With  borax  it  forms  a  bright  yellowish  oi* 
yellow  red  glass  ftl  the  exterior  flame;  and  in  the 
interior  flame  this  becomes  darker  and  greener,  or 
bluish  green. 

Molybdic  acid  nielts4>j  itself  upon  the  charcoal  with 
ebullition,  and  is  absorbed.  In  a<  platina  spoon  it 
emits  white  fumes,  and  is  reduced  in  the  interior  flame 
to  molybdous  acid,  which  is  blue,  but  in  the  exterior 
flame  it  is  again  oxidated  and  becomes  white.  With 
ft^erocosmic  salt,  in  the  exterior  flame,  a  small  propor- 
tion of  the  acid  gives  a  green  glass,  which  by  gradual 
additions  of  the  acid  passes  through  yellow  green  id 
reddish,  brownish,  and  hyacinth  brown,  with  a  slight 
tiiige  of  green.  In  the  interior  flame  the  colour  passes 
from  yellow  green,  through  yellow-brown,  and  brown- 
red,  to  black ;  and  if  the  proportion  of  acid  be  large, 
it  acquires  a  metallic  lustre,  like  the  sulphuret,  which 
sometimes  remains  after  the  glass  has  cooled.  Molyb^ 
die  acid  is  but  sparingly  dissolved  by  borax.  In  the 
exterior  flame  the  glass  acquires  a  ^rey-yellow  colour. 
In  the  interior  flame  black  particles  are  precipitated 
from  the  clear  glass,  leaving  it  almost  colourless  wheai 
the  quantity  of  molybdenum  i^  small,  and  blackish 


when  tbe  proportion  is  Iarg;e.  If  to  a  glass  formed  of 
this  acid  and  microcosm ic  salt  a  little  borax  be  added^ 
and  the  mixture  fu^d  in  the  exterior  flame,  the  colour 
becon^es  instantly  reddish-brown;  in  the  interior  flame 
the  black  (larticle^  are  also  Separated,  but  in'  smaller 
quantity. '  By  long  continued  heat  the  colour  of  the 
glass  is  diminished,  and  it  appears  yellower  by  the 
light  of  a  lamp  than  by  day*light*  This  acid  isnot- 
reduced  by  soda  in  the  interior  flame. 

TungsticAcidhecomes  upon  charcoal  at  first  brown- 
ish  yellow,  is  then  reduced  'to  a  brown  oxide,  and 
lastly  becomes  block  without  melting  or  smoking. 
With  tnicroco&mic  5aA  it  forms  in  the  interior  flame  a 
pure  blue  glass,  without  any  violet  ting^;  in  the  ex* 
terior  flame  this  colour  disappears*,  and  appears 
again  in  the  interior.  With  AaraSy  in  tbe  internal' 
flame,  and  in  small  proportion)  it  forms  a  colourless 
glass,^  which  by  increasing  the  proportion  of  acid>, 
becomes  dirty  grey,  and  then  reddish.  By  long  expo- 
sure to  the  external  flatne  it  is  rendered  transpapent^. 
but  as  it  cools  it  becomes  muddy,  whitish,  and  change** 
able  into  red  when  seen  by  day-light.  It  is  not  re<* 
duced. 

Oxide  of  Tantalum  undergoes  no  change  by  itself^ 
but  is  readily  fused  with  mtcrocosmic  salt  and  with 
boraXy  into  a  clear  colourless  glass,  from  which  the 
oxide  may  be  precipitated  by  heating  and  cooling  it 
alternately.  The  glass  then.becdmes  opaque,  and  the 
oxide  is  not  reduced. 

Oxide  of  Titanium  becomes  yellowish  when  ignited 
in  a  spoon,  and  upcm  charcoal  dark  brown.  With 
tnicrocosmic  salt  it  gives  in  the  interior  flame  a  fine 
violet-coloured  glass  more  tending  to  blue  than  that 
firom  manganese.    In  the  exterior  flame  this  colour 
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disappears.    With  borax  it  gives  a  dirty  hjacint^ 
colour. 

Oxide  of  Cerium  becomes  red  brown  when  ignited. 
When  the  proportion  is  small  it  forms  with  the  fluxes 
a  clear,  colourless  glass,,  which  by  increasing  the  pro- 
portion of  oxide  becomes  yellowish-green  while  hotv 
With  microcosmic  sali^  if  heated  a  long  time  in  the 
internal  flame^  it  gives  a  clear  colourless  glfiss. 

With  borax,  under  similar  circumstances,  it  gives  a 
faint  yellow  green  glass  while  jivarm,  but  is  colourless 
when  cold.  Exposed  again  for  some  time  to  the 
external  flame,  it  becomes  reddish  yellow,  which 
colour  it  partly  retainfirwhen  cold*.  If  two  transparent 
beads,  one  of  the  compound  with  microcosmic  salt, 
the  other  with  borax,  Be  fused  together^  the  triple  comr 
pound  becomes  opaque  and  white.  The  oxide  is 
volatile,  (se^  Thomson's  Chemistry,  vol.  i.  p.  408,  5tli 
edition)* 

Oxide  of  Uranium. — The  yellow  oxide  by  ignition 
becomes  green  or  greenish  brown.  With  microcosmic 
salt  in  the  interior  flame  it  forms  a  clear  yellow  glass, 
the  colour  of  which  becomes  more  intense  when  cold^ 
If  long  exposed  to  the  exterior  flame,  and  frequently 
cooled,  ft  gives .  a  pale  yellowish,  red-brown  glass, 
which  becomes  greenish  as  it  cools.  With  borax  in 
the  interior  flame,  a  clear,  colourless,  or  faintly  green 
glass  is  formed,  containing  black  particles,  which 
appear  to  be  the  metal  in  its  lowest  state  of  oxidation* 
In  the  exterior  flame  this  black  matter  is  dissolved  if 
the  quantity  be  not  too  great,  and  the  glass  becomes 
bright  yellowish-green,  and  after  further  oxidation 
yellowish-brown.  If  brought  again  into  the  interior 
flame^  t)ie  colour  gradually  changes  to  green,  and  the 
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i>^ck  niatter  is  again  precipitated,  btit  no  further 
deduction  takes  place. 

Oxide  of  Manganese  gives  with  micf^ocosmic  salty  in 
the  exterior  flame,  a  fine  amethyst  colour,  whii^h  dis- 
appears in  the  interior  flame';  With  borax  it  gives  a 
yellowish  hyacinth  red  glass.  When  the  manganese, 
from  its  combination  with  iron,  or  any  other  cause, 
does  not  produce  a  sufiiciently  intense  colour  in  the 
glass,  a  little  niti^e  may  be  added  to  it  while  in  a  state 
of  fu9ion,  and  the  glass  then  becomes  dark  violet  while 
bot,  and  reddish  violet  when  cool.     It  is  not  reduced. 

Oxide  of  TeHuriuniy  when  gently  heated-,  becomes 
first  yellowy  then  light  red  and  afterwards  black.  It 
melts  and  is  absorbed  by  th^charcoal,  and  is  reduced 
with  a  slight  d^onation^  a  greenish  flame  and  a  smell 
of  horse-radish.  Microcosmic  salt  dissolves  it  with- 
out being  coloured. 

Oxide  of  Antimonjf  is  partly  reduced  in  the  exte- 
rior flame  and  spreads  a  white  smoke  on  the  charcoal. 
In  the  interior  flame  it  is  readily  reduced  either  alone 
or  with  the  addition  of  soda.  With  microcosmic  salt 
and  with  borax  it  forms  a  hyacinth  coloured  glass. 
Metallic  antimony,  when  ignited  on  charcoal,  becomes 
covered  with  radiating  acicular  crystals  of  white  oxide. 
Sulphuret  of  antimony  melts  on  charcoal,  and  is 
absorbed. 

Oxide  of  Bismuth  'melts  readily  in  a  spoon  to  a 
brown  glass,  which  becomes  brighter  as  it  cools.  With 
microcosmic  salt  it  forms  a  grey  yellow  glass,  which 
loses  its  transparency,  and  becomes  pale  when  cool.  ■ 
Add  a  farther  proportion  of  oxide,  and  it  becomes 
opaque. 

With  borax  it  forms  a  grey  glass,  which  decrepitates 
in  the  intelTior  flame)  and  the  metal  is  reduced  and 

8b 


I 


386  APPENDIX* 

volatilized.    It  is  readily  reduced  by  itself  on  cbai!-: 
coal. 

Ojcide  of  Zinc  becomes  yellow  when  heated,  b\it 
whitens  as  it  cools.  A  small  proportion  forms  with: 
niicrocosmic  salt,  and  with  borax  a  clear  glass,  which, 
becomes  opaque  on  increasing  the, quantity  of  oxide. 
A  drop  of  nitrate  of  cobalt  being  added  to  the  oxide 
and  dried  and  ignited,  it  becomes  green.  With  soda 
in  the  interior  flame  it  is  reduced,  and  burns  with  its 
characteristic  flame,  depositing  its  otide  upon  the 
charcoah  By  this  process  zinc  may  be  easily  detected 
even  in  the  autcunalite.  Mixed  with  oxide  of  copper 
and  reduced,  th^  zinc  will  be  fixed  and  brass  be  ob- 
tained. But  one  of  the^most  unequivocal  characters 
of  the  oxide  c^zinc  is,  to  dissolve  it  in  vinegar,  evapo-- 
rate  the  solution  to  dryness,  and  expose  it  to  the  flame 
of  a  lamp,  when  it  will  burn  with  its  pecilliar  flame. 

O^ide  of  Cadmium  is  orsmge  yellow,  not  volatile, 
and  easily  reduced;  it  gives  no  colour  to  borax.- 
(Anales  de  Chimie,  torn.  viii.  p.  100,  new  series.)  ' 

Oxide  of  Iron  produces  with  microcosmie  salt  or 
borax  in  the  exteri<Hr  flame,  when  co)d,  a  yellowish 
glass,  which  is^  blood<»red  while  hot.  The  protoxide 
forms  with  these  fluxes  a  ^een 'glass,  which  by  in- 
creasing the  proportion  of  the-  metal  passes  through 
bottle  green  to  j^lack  and  is  €|)aque.  The  glass  from 
the  oxide  becomes  green  in  the  interior  flstmef  and  is 
reduced  to^otoxide,  and  becohies  attractable  by  the 
magnet.  When  placed  on  the  wick  of  a  candle,  it 
bums  with  the  crackling  noise  peculiar  to  iron. 

Oxide  of  Cobalt  becomes  black  in  the  exterior,  and 
grey  in  the  interior  flame;  a  small  proportion  forms 
with  microcosmie  salt  and  with  borax  a  blue  glas^, 
that  with  borax  being  the  deepest.    By  transmitteii 
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light  the  glass  is  reddish.    By  farther  additions  of  the. 
oxides^  it  passes  through  dark  blue  to  black;    Th^ 
metal  may  be  precipitated  from  th^  dark  blue  glasff 
by  inserting  a  steel  wire  iuto  the  mass  while  in  fusion. : 
It  is  malleable  if  the  oxide  has  been  free  from  arsenic^ 
and  may  be  collected  by  tKe  magnet,;  and  is  distin- ; 
guished  from  iron  by  the  absence  of  any  crackling- 
sound  when  placed  on  the  wick  of  a  candle. 

Oxide  q^  Nickel  becomes  black  at  the  extremity  of 
the  exterior  flame,  and  in  the  interior  greenish  grey* . 
It  is  dissolved  readily,  and  in  large  quantity,  by 
microcosmic  Bait.  The  glass  while  hot  is  a  dirty  dark, 
red,,  which  becomes  paler  and  yellowish  as  it  cool^. 
After  the  glass  has  cooled,  it  requires  a  large  addjtipn 
of  the  oxide  to  produce  a  distinct  change  of  colour. 
It  is  nearly  the  same  in  the  exterior  and  interior  fiame, 
being  slightly  reddish  in  the  latter.  Nitre  added  to.; 
the  bead  makes  it  froth,  and  it  becomes. red  brown  at 
first  and  afterwards  paler.  It  is  easily  fusible  with 
borax,  and  the  colour  resembles  the  preceding.  When 
this  glass  is  long  exposed  to  a  high  degree  of  heat  in 
the  interior  flame,  it  passes  from  reddish  to  blackish 
alid  opaque,  then  blackish  grey  and  transparent;  then 
psJer  reddish  grey,  and  clearer,  and  lastly  transpa- 
rent,  and  the  metal  is  precipitated  in  small  white 
metallic  globules. 

The  red  colour  seems  here  to  be  produced  by  the 
entire  fusion  or  solution  of  the  oxide,  the  black  by 
incipient  reduction  and  the  grey  by  the  minute  metallic 
particles  before  they  combine  and  form  small  globules. 
When  a  little  soda  is  added  to  the  glass  formed  with 
bora:)[,  the  reduction  is  more  easily  effected,  and  the 
metal  collects  itself  into  one  singile  globule.    Ylben 
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this  oxide  contains  iron,  the  glass  retains  its  own  colour 
whtiehot,  but  assumes  that  of  the  iron  as  it  ctels.   . 

Choide  ofThtj  in  form  of  hydrate,  and  in  Its  highest^ 
degree  .of  purity,  betomes  yellow  when  heated,  then 
Ted,  and  when  approaching  to  ignition  black.    If  iron  . 
or  lead  be  mixed  with  it,  the  colour  is  dark  brown 
when  heated.    These  colours  become^yellowkh'as  the 
substance  cools.     Upon  charcoal  in*  the  intemr  flame, 
it  beccimes  and  continues  white;  '  and*  if  i6lfig}gally 
whiti^  and  free  from  watery  it' undergoes! do  (Change  of 
colour  by  he^fig.    It  is  very  easily  reduced  'without 
addition,' but' tb€^ reduction  is  promoted  by  adding  a 
drop'of  sohitton  of  Mfla  or  potassa.  ^ 
.   Omide'-ef  JLewd  m^ttir,  and  h  rerj  quiddyr^uced, 
eiAer  wiibout  any  addition,  or  when  fused  with  micro- 
cosmic ^It  or  borax.  '  The  glass  not  reduced  is^  Black. 

Oxitte  6f  Gtrpper  is  not  altered  by  the  exterior  flame, 
but  becohies  protojcidtd  ih  the  interior.  '  With  both 
nHcroco^mks  salt  and  borax  it  forms  a  yellows-green 
glal»  wfyile  hot,  febt  Whicih  becomes  blue**green  as  it 
eools.  ^Viissiir  crtrewgly  heated  iii  the  interior  flame^ 
it  losed^rcMour,  nhd  the  metttl'i^  reduced.  If  the 
quantity  >f  bxrdo  be  so  smuil  <hat  tl|e  colour  be  not 
perceptible^,  itfe  presenile  n«y  bfc  d^cl^by  the  addi- 
tion of "arlitt^ttri,  Wbich  oetksimis  Aveduction  of  the 
oxide  to  protox{de,^and  produWan'ophqlie<red  glass. 
If  the  oxide  has  l^en  Aised  wiUybora^ii^  this  colour  is 
longer  preserved V  btit  if  wfthtetbttedosttiidtelty  it  soon 
disappears  by  a  cohtintiance  of  ti^at.  '>  Thetioppermay 
also  be  precipitated  upon  iron,  bat  iAh  glai^'^m^st  be- 
first  saturated  with  iron.  Altelies  or  likbe^ ^promote 
this  precipitation.  If  the  glass  containing  copper  be 
exposed  to  a  smoky  flame^  the  copper  is  superfieiaUy 
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reduced^  and  the  glass  covered  while,  hot  with  an 
iridescent  pellicle,  which  is  not  always  periqanent  after 
tooling.  It  is  very  easily  reduced  by  aoia^v  Salts  of 
copper,  when  hedted'iidfoce  the  hlowpipe^givse^fine 
green  flame.  oqh  ^^^u^t  \ 

Oxide  of  Mmc^t^ff^  before  the  biowpipey  bbeomes 
black  add  Is  ealicely  volaiiliaed.  >  Ii|LithiSi>idwiier  its 
adiilteralion,may  betdiscovered^  < )  '      .  i  ^  »  « 

Tbe^oihet^  metals  maybevedtioed  .b]»>  themselvesi, 
and  may  be  known*  byi.tbeir  qw»  iieaitliaptchaEacters, 
(Thomson's  Ahnals^  No.  LsL  p.  48.  etaeqO  i  ^  *    • 

I  shall  conclude  this  sulgeet  In.  the-itondsoof  the 
Professor  of  Upsal. — ^'  From  what  baa -be^a- said,  I 
think  it  apparent  that  the  bio  w,pipe  is  ato  iafit^ment 
extremely -useful,  nay  neqesaai^  to^i.cbaHliAt«;  for 
many  experiments  are  daily  neglected.«<4. Jst  J  iBeoause 
(hey  require  furnaces  and  a  large  apparatus  of  vessels; 
yet  many 'of  these  may  easily  be  perforpiedby  loeans 
of  the  apparatus  above  described.^^Sd.  £rom  the  want 
of  time  necessary  for  eiuimidiog  in.tbe  ordinary  way; 
whereas  the*  experiments  aMov^rVkentiovteA  «nay  be 
finished  in  a  f^Wiminiltesu-^Sd^  The  imufd  method  of 
examination  )i*^liii»af  a  l:^tairi  quantity  ,c^  tbe^matter 
to  be  «tei^i1ed^i9^oh'pcevent0  the  je^i limidi^tion  of 
such/as'iMerftove^grfi^  dear^  bu*,  id  »ar  i^ay,  the 
smaltt^sftopaavtfol^oi^r^i^cjbratp  .  HotrevEer^ .  the  con-^ 
veni«ai4ea  nfttr  d!efl«ctb^>  ^hrt^ugh  pf  great  weight,  are 
atteiicte4)teHhiftbis:)defcMit|[itbat  they  do  not  detprmine 
the.  pt  0^otii^^  or)  at  (least  point  ibem  out  but  very 
inaccmmt^^o  Sutttbe  %skX  inquiry  to  be  npade  is 
?z?Aa^.ai9|ih^tice  con  tain  ?>  not  ko^  mfichy  and  these 
trials,  ^i^^midil^iitiiggest.^he  proper  method  of  instittH. 
t}rig  ej^eriments  at  jlargel  These  experiments  ha v^ , 
})l^sides  some  advantages  over  those  conducted  in  crii^ 
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cibles ;  namely,  we  can  see  all  the  phenomena  from 
beginniQo^  to  end,  which  wonderfully  illustrales  the 
series  of  operations,  and  their  causes.  Experiments 
made  in  crucibles  are  often  fallacious,  as  the  substance, 
of  the  vessel  itself  is  corroded.  We  suppose  that  lime 
or  magnesia,  melted  wilh  fixed  alkali,  are  united  with 
it  in  the  waj  of  solution,  but  the  globule,  when  well 
fused  in  the  spoon,  bj  its  transparency  permits  us 
plainly  to  see,  that  except  the  siliceous  part,  it  is  only 
mechanically  mixed.  The  most  intense  degree  of 
heat  may  in  this  way  be  obtained  in  a  few  minutes, 
which  is  scarcely  obtained  in  many  hours  in  a  crucible! 
This  may  be  sufficient  for  the  commendation  of  the 
blowpipe;  those  who  use  it  will  gradually  discover 
more  of  its  valuable  properties."—^ — (Bergman's 
Chemistry,  vol.  ii.  p.  528.)  , 

C.  The  unhappy  frequency  with  which  arsenic  has 
been  employed  for  the  .most  nefarious  purposes, 
renders  an  infallible  mode  of  detecting  its  presence, 
when  in  zery  minute  quaniiti/y  a  great  desideratum  in 
medical  jurisprudence. 

The  following  test,,recomnrended  by  Dr.  Marcet,  is 
the  most  delicate,  and  certain  that  I  am  acquainted 
with;  I  give  it  in  his  own  words: 

"  To  the  suspected  fluid,  previously  filtered,  add 
first  a  little  dilute  nitric  acid,  andafterw^^rds  nitrate 
of  silver  till  it  shall  cease  to  produce  any  precipitate. 
The  muriatic  acid  being  thus  removed, .  whilst  the 
arsenious  acid,  (if  any,  and  in  whatever  state,)  re- 
mains in  the  fluid,  the  addition  of  ammonia  will 
instantly  produce  the  yellow  precipitate  in  its  charac- 
teristic form.  It  is  hardly  necessary  to  add  that  the 
'quantity  of  ammonia  must  be  sufficient  to  saturate  any 
excess  of  nitric  acid  which  the  solution  may  contain 
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As  fhe  presence  of  Common  salt  is  always  probable 
in  oases  where  this  test  is  used  to  detect  arsenic  sus- 
ipected  to  be  employed  as  a  poison,  it  is  necessary  to 
adhere  strictly  to  the  method  prescribed.  The  nitric 
jacid  previously  added  will  retain  the  arsenious  acid 
in  solution,  whilst  the  chloride  of  silver  will  be  pre- 
cipitated,  and  must  be  separated  by  the  filter;  the 
addftion  of  the  amnionia  will  then  determine  tbe  de«, 
composition  of  the  nitrate  of  silver,  and  nitrate  of 
ammonia,  and  arsenite  of  silver,  will  be  formed.  Aii 
excess  of  ammonia  ought  to  be  avoided,  but  should  it 
inadvertently  be  added,  it  may  be  neutralized  by  a 
■fresh  portion  of  the  nitric  acid,  cautiously  added,, 
which  will  occasion  the  re-appearance' of  the  arsenite 
of  silver.  Both  the  nitric  airid  and  the  ammonia 
should  be  Very  mucb  diluted. 

I  subjoin  a  statement  of  the  characteristic  properties 
of  arsenite  of  silver,  from  Dr.  Marcet's  paper  already 
alluded  to.  (PhiL  Mag.  vol.  xli.  p.  1^.) 

'<  Its  colour  is  yellow.  If,  after  being  welt  washed 
in  distilled  water,  it  be  suffered  to  stand  for  some 
time  in  an  open  vessel,  it  gmdually  pftsi^es  to  a  t)rown 
colour ;  but  it  does  not,  like  nitrate  of  stiver,  become 
black  on  continuing  this  exposure. 

^'  It  is  readily  soluble  in  dilute  nitric  acid ;  it  also 
dissolves  on  adding  ah  excess  of  ammonia  at  the 
moment  of  its  ibrmatlon  ;  but  after  it  has  been  sepa* 
rated  and  dried,  it  is  no  longer  sensibly 'soluble  in> 
ammonia.  ^ 

^'  If  a  small  quantity  of  this  precipitate  be  exposed 
to  the  heat  of  a  lamp  on  a  slip  of  lamellated  platina, 
a  white  smoke  arises  from  it,  and  metallic  silver  re- 
miainis  attached  to  the  platina.  The  reduction  of  the 
silver,  in  the  form  of  a  globule,  is  still  more  distinct 
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end  striking  if  a.UtJ;!^  carbctpace^wiitat^.be  Hiixad 
with  ,the  Drecipitates  ^pd  ^he  blowpipe  apj^^ed, ,  ^ 

^^  When  ite  yello.w  preci|)i^ate,  inclosed  ip  f^  tube, 
18  qxpose^ii  .^9, the  heat  of  a  lamp^.the  lY.hite  snioke 
condenses  on  the  cold  part  of  thf  tube, .  in  qiinate 
octohedral  crystals  of  i^rsepioY^  &<^.i^*' 

The  same  methofl  is  eqp^if^y  .applic^bl^  to  .^ti^ct  the 
presence  pf  thj^  destructive  .pois^^  if,^,|^^.,jn.,,the 
Btafe  of  ar^ewic  acid ;  ^t  the  c9lo^r  i^^t^i^^ipjre^jpit^^ 
pn  addiplj  the  ammonia. will  ^n^thatca^^^ 
brown.  It , is, more  lijkeljf^|o.|)^,fpet  Wi^h^jp^ tl,e>i-i» 
pf  af^nious  acid.  .     ,       ,        ^^       ,. 

It  has  b^ep  <jbj^cte^,|o  thi^^t^pj^^that^f  a  pJiQ^^^ 

lour  of  phosbnate  oi*.  silver  is  i|ot  much  juulike,  that  of 

will  ^readily  d^s^ij^^^ii^h  bestw^ep  theajj  ,^t}ie,,  latter 
bping  of  a  br|^jl^jter  ..yelloTV  fhan  the  forme^-,  ^4  ^o 
serious  <]as^s  it  is  tf^'^p]  liopt?4  .^nd  exp^ct^d^thpt  non^ 
*^**^-.lf,WP?;  ^fi^JF'ii^^j?"^?.  woj^d  presume  to  hazard 

^^  IK®  '^f^^lf '.!^  W  <i<«?M9#^S  qwantity  fto  diffir 
culty.^.^sj^'it^WPig  Ms  efpseiJic^^caa  ^^se;  but  since 
even^|jaj(f  p,4|;g^,(pe|;^p8,.lep8>  of  .^^r^iws.  acid  is 
sufficiejit  t^,ocfi^8|,9P,d?aU»,\ip,.^,chilf  o)r,a  ^elicate  wo- 

for  e^^^a^io^^  ;t  is,  flioife.*^^^\^yei^^5}t.,pQflie 
O^'ti^jP^^sbaipajr  belpsLthe  pi;ec;ip^^tp^^y(J9^^coflr 

to  re^l^  ^t  to  ,th§,ipetaUio  «ta^e,  flr  pbtf^in  i)Deq(:;ivor 
(Bol  p;roo^|,5>(jj;8  .p^esipnce  bj  s^bl^ipetlqii,  roust  ia.that 
case  be  hopeless.  Repourse  should  the^efere  be  bad 
to  BOme  pther  test  which  may  serye  to  confirm  or  coht 
fate  the  indin^tioos  of  the  silver  test,  and  a  portion 
ehonld  always  be  reserved  for  that  purpose, 
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Tbij  best  method  that  I  know  is  to  pass  a  current  of 
sulphuretted  hydrogen  gas  into  the  suspected  solu- 
tion, when  if  arsenious  acid  be  present,  it  will  occasion 
the  appearance  of  a  fine  lemon-yellow  colour  through 
the  liquid,  but  will  have  no  action  on  phosphate  of 
soda.  That  substance,  however,  may  .  prevent  the 
yellow  colour  from  appearing,  although  arsenious 
acid  be  actually  contained  in  the  solution*,  but  the 
addition  of  a  few  drops  of  very  dilute  pure  nitric  acid 
will  immediately  produce  it.  If,  therefore,  b<yth  the 
silver  test  arid  the  sulphuretted  hydrogen  concur  in 
indicating  the  presence  of  the  poison,  noreasonable 
doubt  can  be  entertained  respectirig  it^  but  it  is  cer« 
tainly  an  additional  satisfaction  to  reduce  a  portion  to 
the  metallic  6tate,  or  at  least  to  sublime  the  oxide  eo 
as  to  render  its  peculiar  alliaceous  odour  distinctly 
evident,  when  enough  can  be  collected  for  the  pur- 
pose, though  that  cannot  often  be  expected. 

Sulphuretted  hydrogen  precipitates  tartrate  of 
antimony  orange,  and  corrosive  sublimate  yeliowidi 
white,  (which,  by  standing  becomes  quite  white,)  and 
with  nitrate  of  silver  they  both  give  white  precipi- 
tates, so  that  no  confusion  can  be  occasioned  by  either 
of  these  substances.  I  find  that  sulphuretted  hy- 
drogen gives  a  decided'  yellow  colour  to  an  ounce, 
measure  of  diistilled  '^ater,  containing  one  drop  of 
a  saturated  s6lution  of  arsenious  acid  equal  to  ^l^dths 
of  a  grain  of  the  stflid  acid^^  or  about  yrTTs^ths  of  the 
whole  height  of  the  solution.  Two  or  three  drops  of 
phosphate  of  'fioAh  prevented  its  action,  but  a  little 
very  dilute  acetic  acid  immediately  produced  the  yel- 
low colour. 

If  distilled  vinegar  be  employed,  care  must  be  taken 
previously  to  ascertain  its  pvrjty.    It  frequently  con- 


'  tains  ti  small  portion  of  lead,  derived  from  the  vesi^els 
.iis^d  in  its  distillation,  and  will  in  that  case  be  sen* 
«ibly  affected  bj  sulphuretted  hydrogen. 

J}.  In  the  great  progress  which  chemistry  has  made 
within  a  few,  years,  one  of  its  most  important  steps 
towards  perfection  as  a  science,  is  the  establishment  of 
the  Atomic  Theory,  and  since  a  knowledge  of  the 
principles  on  which  it  is  founded  is  important  to  the 
practical  analyst,  (for  it  affords  him  an  easy  and  al- 
most infallible  test  of  the  accuracy  of  his  experiineiits,) 
I  shall  endeavour  to  lay  a  short  sketch  of  it  before 
the  reader. 

,  If  iron  and  sulphur  be  fused  together  in  proper 
proportions,  the  result  is  a  chemical  compound,  every 
particle  of  which,  however  minutely  divided,  will  be 
found  to  contain  a  portion  of  each  ingredient.  Me- 
chanical division,  though  theoretically  infinite,  cannot 
practically  be  carried  beyond  certain  limits :  but,  since 
the  minutest  particle  it  is  capable  of  presenting  to  us^ 
shews  no  difference  in  composition  from  that  of  the 
entire  mass,  the  inference  is  irresistible  that  could  we 
proceed  to  the  ultimate  term  of  material  divisibility, 
we  should  still  have  the  same  result,  and  that  conse-^ 
quently  the  union  between  the  iron  and  sulphur,  has  * 
been  effected  by  the  combination  of  their  minutest 
particles,  or  atoms,  which  thus  are  the  integers  whose 
sum  is  the  compound  mass  obtained.  Whatever  por- 
tion we  take  of  this  mass,  it  must  contain  a  certain 
number  of  the  atoms  of  each  substance,  and  although 
we  know  nothing  of  their  actual  number^  still  we 
ebtain  by  analysis  the  proportion  that  the  atoms  of 
one  kind  bear  to  those  of  the  other ;  or,,  supposing 
the  compound  to  contain  an  equal  number  of  eiEich, 
the  proportionate  weights  of  the  atoms  themselves. 
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in  thoise  t^Ms  whei'e  oidly  one  known  cotnpound'  of 
two  elements  exists^  it  is  most  simple  to  consider  it  as 
formed  of  one  atom  of  one  element  and  one  atom  of 
tbe  other;  thus  water  is  the  onlj  known  compound  of 
.oxygen  and  hydrogen,  lOO  parts  contain  88.^4  oxygen^ 
-'-j-  11.76  hydrogen,  or  one  of  the  latter  tp  7.5  of  the 
•former,  and  supposing  them  to  be  united  atom  to  atom, 
those  numbers  become  the  symbols  to  represent  the 
relative  weights  of  their  respective  atoms  (a). 

When  more  than  one  compound  is  formed  by  the 
same  elements,  if  we  suppose  the  first,  or  simplest  to 
be  composed  of  1  atom  of  one  substpnce,  and  1  atom 
of  the  other,  the  next  must  be  1  and  S,  or  1  and  3,  and 
so  on;  or  always,  the  numb,er  of  atoms  of^the  sub* 
stance  which  combines  in  more  than  one  proportion, 


iriMUhMiAi 


(a)  Dr.  Thomson  calls  oxygtn  1,  and  hydrogen  .0125,  and  adopts 
Dr,  Front's  hypothesis  m  calculating  his  numbers  generally  (s&e  the 
fifth  edition  of  his  Chemistry,  passim) 

If  the  weights  of  atoms  be  deduced  from  the  specific  gravities  of  the 
pises  and  their  combinations  by  volume,  they  wiU  be  found  equally 
consistent  with  the  theory.  Thus,  the  specific  gravity  of  hydrogen  gas 
as  0.07S7,  and  that  of  oxygen  gas  LI 06,  atmospheric  air  being  1.000, 
and  one  volume  of  hydrogen  condenses  half>  a  volume  of  oxygen,  and 
,0787:  li:  i^i^i  ;  7.5. 

Since  the  volume  of  hydrogen  is  dbttble  that  of  rXit  oxygen,  we  msut 
jiuppose  either  that  Its  particles  are  twice  as  large  as  those  of  oxygen,  or 
at  twice  as  great  a  distance  from  each  other,  or  e\>e  that  two  atoms  of 
hydrogen  combipe  with  one  of  oxygen  All  this  however  ne^d  create 
no  confusion;  for,  though  the  term  aiom  be  useful  in  tracing  the  theory 
to  its  source,  yet  all  that  is  really  important,  are  the  corrstant  tangible 
proportions  observed  in  .chemical  compounds,  and,  ae  the  author  tof  the 
article  ^*  Atonnc  Theory**  in  the  supplement  to  tbe  Encyclopedia 
Britannica  observes,  a  **  number  of  s^toms  constantly  and  invariably 
united  together,  constitute  a  compound  atom,  about  which  we  may 
reason,  as  accurately  and  as  justly,  as  wf  could  do  about  the  atoau 
themselves.*' 


996  APPENDIX. 

must  in  the  second,  third,  &c.  compound^  be  a  mul- 
tipie  by  a  whole  number  of  their  number  in  the  first; 
the  number  of  atoms  of  the  other  substance  remaining 
constant.  For  instance,  sulphur  unites  to  tin  in  two 
proportions,  the  first  consists  of  tin  55  -|-  sulphur  15 ; 
the  second  of  tin  55  -|-  sulphur  30.  Again,  tin  unites 
in  two  proportions  with  oxjgen;  the  first  cousins  tin 
S6,*f-oxjgen  7.5;  the  second,  tin  65 -j^  oxygen  15. 
S^t  Jf  ^e  la,"^  hold,  it  also  follows,  that  that  proper* 
tiojQ^  or. SQq[ie  multiple  or  divisipp  o^.it«  which  a  sub-i 
stance,  pl^serves  in  uniting  ;(¥ith  any.  oiic  other  suh- 
stanc^,^i|^,,^if^t.,l|)iewi6e  observe  in,  its  combinations 
wk^^^^jOth^r  fiu^^stances.,  lH^^h  ^^  sulpnijir  unites 
with  tin  in  the  proportion  of  15,  it  must  al^o  unite  in 
t}l9  ,8^ni^^  pxoportioB  with  copper,  withpotassa,  with 

(a)  ^ulphij^ret  of  copper  contains  sulphur  15  «-f-  cop- 
per 60;   s^lphu^et  of  potassa,  sulphur  15  -^  potassa" 
45;    sulphuretted  hydrogen,  sulphur  15  4~  hy<lrog^n 
1 ;  and  every  one  of  these  bodies  must  combine  with 
all  others  in  the. proportions  expressed  by  their  respec-  j 

<ive  numbers.  Accordingly  60  copper  -f-  7.5  oxygen 
form  oxide  of  copper,  and  60  4"  15  form  peroxide. 
*.  The  c9mbinations  of  sulphur  with  oxygen  present  an 
apparent  anomaly;  the  first  consists  of  sulphur  15  + 
Z'^y?®"  15  ;*  the  second  of  su}phur  15  -^  oxygen  22.5, 
numbers  which  are  not  as  1:2  but  as  g:3;  but  the 
fir^t  contains  just  twice  as  much  oxygen  a^,  is  found 
in  s^n  atom  of  the  protoxides  of  tin  ahd'cpjpper,  or  of 
water;   it  is  reasonable  therefore  to  consider  it  as 


^•.■ 


(a)    In  proportionate  numbers,  some  standard  must  of  course  b^ 
Assumed,  to  which  they  all  refer:  in  the  pre»eikt  €aAe,lhe  standard  is 
'hydrogen,  which  is  taken  as  unity.  ^ 
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(brmcd  of  one  atom  of  sulphur  combined  with  two 

atoms  of  oxygen,  and  that  there  may  be  another  more 

simple  compound  of  1  of  sulphur  r=  15  -|- 1  of  oxygea 

z=  7.5,  although  its  existence  has  not  yet  been  expe« 

riinentally  demonstrated.     Thus,  the  numbers  which 

denote  the  combinations  of  sulphur  and  copper  with 

each  other,  also  denote  the  proportions  in  which  thej 

respectively  combine  with  oxygen,  and  the  same  holds 

good  with  regard  to  their  combinatioHS  with  all  other 

bodies,  copper  always  uniting  in  the  proportion  of  60^ 

and  sulphur  in  that  of  15,  and  the  combinations  of  all 

other  substances  may  in  like  manner  be  expressed  bjr 

certain  definite  and  invariable  symbols. 

'  The  compound  atoms  must  also   observe  similar 

proportions,  and  we  accordingly  find  that  sulphuric 

acid^   which  is  composed  of  sulphur  15  -{-  oxygen 

j^.5  r=  37.5,  combines  with  45  parts  of  potassa  to 

form  sulphate  of  potassa,  and  75  parts  of  sulphuric  acid 

combine  with  75  of  peroxide  of  copper,  to  form  suU 

phate  of  copper.     This  latter  salt  furnishes  an  instance 

of  the  combinations  of  the  atoms,  in  multiples  of  the 

numbers  representing  them;  it  consists  of  3  atoms  of 

sulphuric  acid  (37.5  X  2)  ^^^  I  ^^^"^  ^^  peroxide  of 

copper  (60  -f- 15)  (a). 

When  two  neutral  salts  are  mutually  decomposed^ 

the  new  compounds  ar&  neutral.     Thus,  sulphatq  of 

potassa  being  poured  into  nitrate  of  barya,  a  double 

decomposition  ensues,  and  we  obtain  sulphate  of  barya 

which  is  precipitated,  and  nitrate  of  potassa  which 

I  *  " 

I  —  ■■ 

I 

I  («)  This  it  an  illustration  of  Berzeliu8*s  law,  that  the  quantity  of 

acid  in  salts  is  proportionate  to  the  quantity  of  oxygen  in  their  bases. 
Peroxide  of  copper  contains  two  atoms  of  oxygen,  and  accordingly 
^kes  two  atoms  of  sulphuric  acid  to  form  sulphate  of  copper. 
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remains  in  solution,  and  both  perfectly  neutral.     Sul-. 
phate  of.  pota^sa^  as  we  have  just  seen,  consists  of. 
37.6  sulphuric  acid  -^  45  potassa,  =82.5^  and  nitrate 
oCbarjra  of  nitric  acid  50.65  +  barya  72.5  =  123.15., 
When  these  salts  are  dissolved  in  distilled  water,  and. 
their  solntions   mingled,'  the  37.5  of  sulphuric  acid, 
leave  the  potassa  and  unite  with  the  72.5  of  barya, 
ibrmihg  1 10  of  sulphate  of  barya,  and  the  50.65  of' 
nitric  acid,  combine  with  the  45  of  potassa  to  foiQi 
95.65  of  nitre :    and  110  +  95.65  ==  205.65,   the^ 
original  w^ght  of  the  salts  employed.    Similar  pheno-, 
mena'oc^ur,  if  solutions  of  sulphate  of  potassa  and. 
nitrate. of  lead  be  presented  to  each  other,  and  gene- 
rally in  all  cases  of  double  decompositions;  whence, 
we  obtiiin  the  important  law  first  observed  by  Richter, 
that'  when  two  neutral  salts  act  on  each  other,  the 
quantity  of  base  disengaged  from  either  of  them,  is 
in  tbe  exact  proportion  required  to  saturate  the  acid 
disengaged  froth  the  other. 

It  is  evident  that  a  series  of  numbers  may  be  found 
to  repi^esent  the  'respective  proportions  in  which  the 
atoms  of  all  bodies,  and  consequently  the  bodies  them- 
selves combine.  Such  a  series  has  been  given  by- 
Mr.  Dalton  in  his  new  system  of  Chemical  Philosophy^ 
by  Sir  H  umphry  Davy  in  his  System  of  Chemistry,  by 
Dr.  Wollaston  on  his  scale  of  Chemical  Equivalents, 
and  hf  Berzelius  and  other  experimentalists. 

Sir  Humphry  Davy  with  Dalton  assumes  hydrogen 
for  his  uiiit  as  being  the  substance  that  conibines  in 
the  smallest  proportion,  and  he  denotes  oxygen  by  7.5. 
Dr.  Wollaston  makes  oxygen  the  standard,  calling  it 
10,  and  hydrogen  1.333.  It  is  quite  indifferent  which 
we  adopt,  a  very  simple  process  reconciles  them ;  for 
as  7.5  are  three-fourths  of  10,  to  reduce   Davy's 


liutnbers  to  WoUaston's  we  have  onlj  to  add  one- 
third,  or  to  reduce  Wollaston'a  to  Oavy^s,  deduct,  one*-, 
fourth.     Tbu9,  Davy  gives  15  as  the  number  for  sul- 
phur, and  15  -^  5  zrz  20  the  number  assigned  it  by* 
Wollaston,  and  vice  yersa  20  —  5  m  15. 

I  refer  the  reader  for  fuller  details  respecting  the, 
atomic  theory  to  Mr.  Dalton^s  original  work,  ^^  Tlie 
new  system  of  Chemical  Philosophy^"  ^nd  to  an  article  r 
by  Dr.  Thom^ji  in  the  second  volume  of  the  Annab 
of  Philosophy,  p.  32,  in  which  the  outlines  of  Dalton's. 
system  are  presented ;  to  Davy's  Elements  of  Chemicai 
Philosophy ;  to  the  Supplement- to  the  fourth  and  fifth 
editions  of  the  Encyclopedia  Britannica  ^y  and  to  fir« 
WoUaston's  paper  in  the  Philosophical  Tmasactiooe  < 
for  1814,  where  he  will  find  the  data  on  which .  the  - 
synoptic  scale  of  chemical  equivalents  is  constructed,, 
and  a  description*  of  that  elegant  and  valuable  instru* 
ipent«  ,  ' 

E.    Selenureitcd  Hydrogen. — The  number  of  the  ' 
AjDnales  de  Chimie,  containing  the  continuation  of 
Berzelius^    experiments   on  selenium,   not  having 
been  received  when  that  part  of  our  subject  went  to 
press,  I  add  the  further  details  connected  with  it.ia  - 
this  place. 

Water,  deprived  of  its '  air,  readily  dissolves  seloe 
nuretted  hydrogen,  of  which  it  takes  up  a  larger  quan- 
tity than  of  sulphuretted  hydrogen;  the  ^solution  ie 
colourless;  but  after  some  minutes  exposure  to  the 
,air,  it  becomes  opalescent,  reddish  on  the  surface,  and 
deposits  selenium ;  and  at  last  is  completely  decom^ 
posed ^t  it  has  a  hepatic  flavour  and  slight  odour,  red* 
dens  litmus,  and  stains  the  skin  of  a  permanent  brown 
cc^our,  not  remaveable  by  water. 
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A  very  small  portion  of  nitric  acid  does  liot  decdrii-* 
pose  the  gas^  and  the  solution  retains  its  power  of  pr^-^ 
eipitaiing  the  metallic  salts^  (all  of  which^  it  throws 
down)  for  several  hours  after  its  addition.  Moistened 
paper,  if  put. in  contact  with  selenuretted  hydrogen 
gas  acquires  a  red  stain  throughout ;  and  a  piece  of 
wood  similarly  treated  becomes  coloured,  to  some 
depth  below  the  surface:  the  whole  substance  of  a 
tube  of  Caoutchouc,  which  had  been  used  to  conduct 
the  gas,  acquired  a  fine  red  colour. 

The  effects  of  this  gas  on  the  tracheal  artery,  and  thd 
longs,  are  so  violent  as  to  be  in  some  degree  dangerous^ 
It  first  affects  the  nose  with  an  odour  ejtactly  similar 
to  that  of  sulphuretted  hydrogen,  which  is  sooii  sue* 
ceeded  by  a  painful  sensation,  like  that  oCcslsioned  by 
fluosilicic  acid  gas,  but  more  acute,  over  all  the  parts 
that  have  come  in  contact  with  the  gas ;  the  eyes 
become  inflamed,  and  the  sense  of  smell  is  for  a  time 
totally  destroyed.    Its  action  on  the  olfactory  organs 
is  so  violent,  that  a  small  bubble,  not  larger  thsfn  a 
pea,  deprived  Berzelius  of  the  power  tor  distinguish 
the  smell  of  caustic  ammonia,  when  he  held  a  bottle 
containing  a  strong  solution  of  it  to  his  nose.     The 
effects  on  another  occasion  were  more  serious.    Ber^ 
zelius  describes  them  as  fellows : — ^^  I  had  first  a 
pricking  sensation  (piqitante)  in  the  nostrils;  my  eyes 
became  red,  and  symptoms  of  catarrh  (rhume)  began 
to  appear*    After  half  an  hoar  I  was  attacked  with  tf  - 
very  painful  dry  cough,   which  having  continued  » 
considerable  time,  brought  on  expectoration^  the  mat-* 
ter  of  which  had  the  flavour  of  the  vapours  of  a  haH* 
ing  solation  of  corrosive  sublimate.     The  symptoms 
were  at  length  removed  by  applying  a  blister  to  thidr  ^ 
chest.'' 
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fiefielius  analysed  seleiiuretted  hydrogen  by  passing 
^  current  of  the  gas  through  a  solution  of  nitrate  of 
^Iveir,  deprived  of  aii"  by  lohg  boiling.  The  black 
precipitate  being  thoroughly  dried  was  dissolved  in 
pure  nitric  acidy  and  converted  into  chloride  of  silver^ 
by  pouring  the  solution  into  dilute  hydrochloric  acid^ 
t*roai  this  the  quantity  of  silver  was  obtained,  which 
beingknowfiytbei^ixygen  combined  with  the  metal  in 
the  state  of ^nitr^te^'  and  consequently  the  hyijrogen 
necessary  t6  reduce  it  to  the  metallic  state^'  a^  weft  ad 
the  weight  of  thttTa^leniutn  of  the  sel^huret  df  stiver, 
was  easUy  calculated.  Slippose  the  seleriufet  of  silvei^ 
weighed  100  grains^  and  that  wbefj  treated  as  abbve^ 
it  gave  97.66  grains  of  chloride  of  sliver,  j±=:  73.5  jprains 
of  silver.  1? he  selenitret  then  contained  d6.&  fiet  cent* 
ofselenilim.  But  73.5  grains  dfiilver  require' 5136 
of  oxygen  to  become  oxide  of  6?IV6r;''atid  Uiiis  qiikntity 
of  oxygen  combines  with  .714  of  h  j'drd^eh.  ' 

B^Ienuretted  hydrogen  therefore  contains^, ,,. 

Selenium      •    •  .  •    •    ^    i    •*' 86.6    ' 
Hydrogen    ♦    *    »    *    *    *    .      0.714    • 


}■•, 


27.814 


Or  per  cent^ 


ij-.' 


Selenium     •.  *    ..   &7.S8      •    ;^    .   .^    dtA$ 
Hydrpg^U    ...ik.MSS      .  ^ -•    ,      I<00 


^»'  •  '• 


100.00 


>  • 


Selenujretted  bydrog^n,  like  sulphttretted  and  tella* 
retted  hydrogpnyaotathetpart  of  an  acid  in  combining 
with  thope  bases,  whose  affinity  for  oxygen  is  supeiior 


402  APPENDIX. 

to  that  of  hydrogen :  with  the  others  it  forms  nietallic 
selenurets.  The  soluble  bydro-selenurets  have  the 
taste,  and  in  some  measure  the  odour  of  the  hydro^ 
Bulphuret  of  potassa,  but  their  colour  is  red,  or  deep 
orange,  rather  resembling  that  of  the  hydrotellurets, 
but  yellower. 

The  best  method  of  obtaining  the  hydroselenurets, 
is  to  pass  the  gas,  arising  from  the  decomposition  of 
selenuret  of  iron,  by  hydrochloric  acid,  into  a  solution 
of  the  base  in  water,  in  a  Woulf's  apparatus.  The 
selenure^ted  hydrogen  is  more  rapidly' and  compleatly 
absorbed  by  the  base,  than  sulphuretted  hydrogen 
would  be,  and  less  of  the  gas  escapes. 

The  hydroseleniirets  are  decomposed  by  contact  of 
the  air.  Those  whose  base  is  alkaline,  let  fall  pure 
selenium. 

The  danger  attending  experiments  on  selenuretted 
hydrogen  prevented  Berzelius  from  obtaining  any  of 
the  hydroselenurets  in  a  dry  state,  except  selenuret 
of  ammonia.  Selenuretted  hydrogen  and  ammonia, 
on  being  mixed  together,  form  a  white  cloud,  which 
soon  condenses  into  a  pale  red  mass,  without  any  crys-^ 
talline  appearance,  and  this,  when  dissolved  in  water, 
gives  a  deep  red  solution. 

Barya,  strontia,  lime,  and  magnesia,  all  give  solu- 
ble, hydroselenurets.  Hydrate  of  magnesia  diffused 
through  water  is  readily  dissolved  by  an  excess  of  the 
gs^s.  Hydroselenuret  of  ammonia  throws  down  a 
flesh-coloured  precipitate  from  solutions  of  the  earthy 
hydroselenurets,  except  that  of  alumina,  with  which  it 
gives. a  deep  red  precipitate. 

All  the  metallic  solutions  are  precipitated  by  the 
alkaline  hydroselenurets;  the  precipitates  from  the 
sadts  of  zinc,  manganese,  cerium,  and  probably  ura* 
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Afum^  ar«  hydroselenurets ;  they  soon  decompose  by 
access  of  air,  their  pale  red  colour  becoming  much 
deeper.  The  salts  of  the  other  metals  are  reduced  to 
the  state  of  metallic  selenurets,  and  their  precipitates 
are  black  or  deep  brown,  and  exhibit  a  metallic  lustre 
when  strongly  compressed  with  a  piece  of  polish&d 
hematite. 

M.  Berzelius  closes  his  account  of  the  properties  of 
selenium  and  its  compound  with  some  general  obser- 
vations, the  substance  of  which  I  lay  before  the  reader^ 
who  will  form  his  own  opinion  of  their  force. 

The  existence  of  a  body  whose  properties  are  inter- 
mediate between  the  non-metallic  combustibles  and 
the  metals,  is  an  interesting  phenomenon.  Whilst  it 
possesses  some  of  the  distinguishing  characters  of  the 
metals,  as  lustre,  it  is  deficient  in  others  equally  es- 
sential, as  the  power  of  conducting  electricity  and 
heat ;  indeed,  as  there  is  no  absolute  line  of  demarca- 
tion between  the  chemical  characters  of  these  bodies,, 
it  is  not  likely  that  there  should  be  one  between  their 
external.  Selenium  is  more  analogous  to  sulphur 
t^an  to  any  other  body,  and  after  sulphur  it  most  re- 
sembles tellurium ;  so  that  its  properties  place  it 
between  these  two  bodies,  and  it  must  depend  on  them 
whether  it  is  to  be  classed  with  the  metals,  or  with 
the  simple  non-metallic  combustibles.  It  is  indiffer- 
ent in  which  of  the  two  classes  we  place  it,  their  limit/i 
being  so  vague,  and  selenium  partaking  in  so  great  a 
degree  of  the  characters  of  both,  that  it  may  with 
equal  propriety  be  assigned  to  either.  Metallic  lus- 
tra ftnd  high  specific  gravity  have  been  considered  as 
properties  characteristic  of  the  metals,  the  last  is  done 
away  with  by  the  discovery  of  the  bases  of  the  alka- 
lies 3  lustre  therefore  only  remains,  and  if  sulphur  and 
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phosphorus  were  possessed  of  it  they  would  proba* 
hlj  be  placed  with  the  metals.  As  selenium  pos-^ 
sesses  this  property  in  a  very  high  degree^  and  as  it 
must,  at  all  events,  belong  to  one  of  these  classes, 
Berzelius  thinks  it  should  in  preference  be  placed 
with  the  electro'fiegative  metals,  that  is,  those  which 
produce  acids ;  it  would  begin  a  series  forming  the 
transition  from  sulphur  and  phosphorus  to  arsenic- 
Three  substances,  chlorine,  iodine,  and  fluorine  have 
lately  been  added  to  the  number  of  the  simple  com- 
bustibles, two  of  which  may  with  equal,  if  not  with 
greater  propriety  be  considered  as  oxides  hitherto  un- 
decomposed,  and  the  existence  of  the  third  is  proble* 
matical.  To  render  their  simple  nature  more  proba- 
ble, their  supposed  analogy  with  sulphur  and  phos- 
phorus has  been  insisted  on.  It  is  clear  that  that 
analogy  will  be  strengthened  or  enfeebled,  in  propor- 
tion as  other  bodies,  analogous  to  these  two,  are  dis- 
co^-ered  and  compared  with  them.  For  this  reason 
we  shall  compare  selenium  with  sulphur,  chlorine^ 
iodine,  and  some  other  substances* 

Sulphur  and  selenium,  on  one  hand,  combine  with 
the  metals,  and  the  compounds,  which  generally  pre- 
serve some  of  the  external  characters  of  metals,  also 
retain  the  combustibility  t>f  their  bases.  Sulphuret 
and  selenuret  of  potassa  are  soluble  in  water,  which 
they  decompose,  and  form  hydrosulphurets  and  hy- 
droselenurets.  Chlorine  and  iodine,  on  the  other 
hand,  also  combine  with  the  metals ;  but  their  com- 
-pounds  have  the  same  general  characters  with  the' 
anhydrous  sulphates,  phosphates,  and  arseniates.  Tl^ 
bases,  at  least  the  most  combustible,  have  lost  their 
combustibility.  The  chloride  and  iodide  of  potassium 
and  sodium  do  not  attract  oxygen,  do  not  decompose 
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water,  and  do  not  produce  hydrochloratet  and  hydrio- 
'  dates;  unless  it  be  pretended  that  the  chlorides  of  pot- 
assium and  sodium,  for  example,  decompose  water 
with  the  production  of  cold,  and  those  of  calcium  and 
baryum  with  the  evolution  of  heat.  On  the  contrary, 
the  chlorides  of  copper,  tin,  and  gold,  (and  mai^ 
other  metals,  which  in  other  circumstances  do  not 
decompose  water,  either  alone,  or  sulphuretted,  or 
mixed  [m6lis']  with  strong  acids,)  do  decompose 
.  water  %ind  form  hydrochlorates.  There  is,  therefore, 
no  analogy  between  sulphur  and  selenium  on  the 
one  hand,  and  chlorine  and  iodine  on  the  other, 
siqce  the  phenomena  they  give  rise  to  are  entirely 
different. 

Sulphur,  selenium,  and  tellurium  combine  with 
hydrogen,  i^nd  form  peculiar,  gaseous,  weak  acids. 
It  has  long  been  observed  that  the  combinations  of 
sulphur  and  tellurium  with  hydrogen,  have  very 
strong  analogies,  notwithstanding  the  difference  iu 
their  chemical  and  physical  properties.  A  third  body 
is  now  discovered,  whose  compound  with  hydrogen 
has  the  same  odour,  taste,  and  properties  as  those  of 
the  two  former.  This  clasd  of  acid  bodies  gives  with 
ftie  oxides  which  they  do  not  decompose,  particular 
salts,  in  which  the  taste  and  odour  of  the  acids  pre- 
dominates; and  with  the  other  oxides  they  form  water, 
and  compounds  with  their  bases.  Hence  we  may  pre- 
sume that  the  hepatic  smell  and  taste,  far  from  beino' 
peculiar  to  sulphur,  are  properties  common  to.  this 
class  of  acids  and  their  compounds,  and  as, essential 
characteristics  of  the  hydrogenated  acids  and  their 
salts  with  alkaline  bases,  as  a  sour  taste  is  of  the 
strong,  oxygenated  acids,  and  a  saline  one  of  tfaqi 
neutral  compounds  they  form  with  the  alkalies. 
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If  we  extend  these  temarks,  we  find  that  the  satti 
formed  by  the  oxygenated  acids,  whose  names  termi- 
nate in  ous^  with  alkaline  bases,  have  a  peculiar  taste, 
bj  which  the  acid  may  be  recognized,  as  the  sulphites, 
and  phosphites.  Moreover,  the  oxygenated  acids, 
which  are  very  weak  and  indistinctly  acid,  as  the. 
tungstic,  stibiic  oxide  of  tellurium,  &c.  impart  a 
metallic  flavour  to  their  combinations  with  the  alka* 
lies ;  so  that  each  class  appears  to  have  some  general* 
common  properties  by  which  the*  class  may  in  some' 
measure  be  known.  Chlorine  and  iodine  also  com- 
bine with  hydrogen,  but  the  acids  they  form  are  very 
powerful,  and  have  the  pure,  distinct,  acid  odoui^' 
and  taste.  ^  These  acids  possess  the  peculiar  property, 
by  means  of  their  hydrogen,  of  reducing  potassa  and 
soda,  and  of  forming  chlorides  and  iodides  which 
have  precisely  the  saline  taste  of  the  salts,  formed  by 
y  the  strong  oxygenated  acids  with  alkalies ;  on  the 
other  hand,  the  hydrogen  of  those  acids  does  qot  re- 
duce the  oxide  of  copper,  bismuth,  gold,  &c.  but 
they  combine  with  them  without  decomposition. 

The  analogy  then  even  between  these  hydrogenateA 

acids  and  those  mentioned  above  is  absolutely  null 

JBerzelius  (the  reader  will  please  to  remember  the 
whole  of  these  observations  are  his)  adds,  ^^  I  have 
thought  it  right  not  to  omit  these  comparisons,  be- 
cause they  add  to  th^  circumstances,  which  sooner  ot 
later  will  give  us  more  satisfactory  elucidations  on  the 
nature  of  the  muriatic,  iodic,  and  fluoric  acids." 

TKe  analogy  between  sulphur  and  selenium  holds 
also  in  their  combinations  with  oxygen,  inasmuch  as 
each  forms  acids  with  it  of  little  volatility ;  however^ 
the  analogies  between  these  acids  are  not  so  perfect  aft 
those  between  their  bases.    Sulphuric  acid  belongs  to 
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the  numerous  class  of  acids  which  contain  three  atoms 

r 

of  oxygen,  and  consequently  combines  in  the  manner 
of  those  acids.  Sclenic  acid,  on  the  contrary,  belonga 
to  the  less  numerous  class,  which  without  having  their 
names  terminated  in  ous,  yet  contain  only  two  atoms 
of  oxygen,  and  in  thiis  respect  has  a  strong  analogy 
with  boracic  andcarbonic  acid ;  like  them  it  does  not 
form  neutral  salts  with  the  alkalies.  In  the  salts, 
when  the  acid  contains  twice  as  much  oxygen  as  the ' 
base,  the  alkali  is  the  re-agent,  (reagit)  and  in  those 
where  the  acids  contains  four  times  as  much,  the  ac- 
tion  is  owing  to  the  acid.  The  same  phenomena  are 
observed  in  the  borates  and  the  carbonates.  Boron 
and  carbon,  however,  have  no  analogy  with  selenium. 
Boron,  indeed,  may  be  combined  with  the  alkalies, 
but  i  do  not  know  that  boruretted  hydrogen  or  any 
borurets,  analogous  to  the  metallic  sulphutets  and 
selenurets,  have  ever  been  formed.*  All  the  world 
knows  that  carbon  enters  into  no  combination  with 
the  alkalies,  and  only  in  very  small  quantities  with 
the  metals ;  and  lastly,  that  hydruretted  carbon  has 
neither  an  hepatic  odour  nor  taste,  nor  possesses  any 
acid  properties. 

Selenium  has  no  analogy  in  chemical  properties 
with  arsenic  and  phosphorus ;  it  follows  the  general 
laws  of  combination  of  oxidated  bodies,  frotn  which 
the  others  so  remarkably  depart.  Their  compounds 
with  hydrogen,  although  possessing  many  of  the  pro- 
perties of  the  gases  which  contain  a  large  quantity  of 
hydrogen,  are  not  hepatic, -and  have  no  acid  charac* 
ters.  Arseuic  may  be  said  to  be  to  phosphorus,  what 
selenium  is  to  sulphur ;  but  for  the  rest  there  is  little 
analogy  between  these  two  pairs  of  bodies. 
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The  teaAer  is  probably  not  quUe  eominced  hj  Uie 
above,  that  seleaium  is  %  metal,  or  dilc»iae  m  con- 
pound. 

As  the  subject  is  new,  and  an  additional  example  of 
the  analysis  of  a  mineral  by  so  able  nn  experimenter 
as  M.  Berzelius  must  be  useful,  I  subjoin  his  account 
of  that  of  a  supposed  ore  of  tellurium  from  Sweden^ 
from  which  he  has  succeeded  in  obtaining  selenium^ 

The  colour  of  the  mineral  is  lead  grey ;  its  lustre 
metallic,  fracture  granular,  texture  sub-rcrystalline, 
(sous-crystalline);  it  is  s^oft,  and  yields  to  the  knife; 
the  cuttiqgs  have  the  brilliancy  of  silver ;  it  is  im-^ 
pressed  by  the  hammer. 

Before  the  blowpipe  it  fuses,  and  exhales  a  strong 
odour  of  radishes,  leaving  a  small  grey  metallic  but^ 
ton,  which  continues  to  give  out  the  same  odoulr  ibr  a 
considerable  time ;  it  colours  borax  copper<igreen,  an4 
a  brittle  metallic  button  of  selenuret  of  silver  sepa** 
grates.  Cold  water  poured  into  a  solution  of  the 
mineral  in  boiling  nitric  acid  throws  down  a  white 
precipitate  of  ^eleniate  of  silver,  li^hence  it  was  pron 
bably  supposed  to  be  an  ore  of  tellurium. 

The  ore  is  mixed  with  carbonate  of  lime,  and  blacl^ 
particles,  which  have  a  metallic  brilliancy  when 
scratched  with  the  knife ;  fuse  with  difficulty  before 
the  blowpipe,  and  exhale  the  smell  of  selenium ;  they 
colour  bo|*ax  cppper<sgreen,  i^nd  giye  no  tiace  of 
silver^  *  ♦ 

a.^^100  parts  of  the  purest  portions  of  tl^e  mineral 
carefully  selected  were  dissolved  in  boiling  qitric 
^d,  the  splu^ion  diluted  with  boiling  water,  and 
Altered ;  the  clear  liquor  gave  9,  precipitate  wilb  solut 
(ion  of  common  salt,  and  the  matter  which  remained 
Qn  (he  filter  i^as  gashed  with  tailing  dilii^ted  n^triQ 
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acid,  as  loifg  as  the  washings  were  rendelred  turbid  by 
bydrochlorate  of  soda. 

The  chloride  of  silver,  after  being  washed,  dried, 
pod  fused  weighed  50.7  parts,  equal  to  38.93  of  silver. 
!rhe  substance  remainiog  oo  the  filter  consisted  of 
silica  and  stoney  matter,  and  weighed,  after  being 
heated,  4  parts. 

6. — The  liquid 'flrom  which  the  silver  had  been 
separated  was /precipitated  by  sulphuretted  hydrogen 
gas:  the  precipitate  re-dissolved  in  aqua  regia,  and 
the  solution  concentrated,  till  th<9  nitric  acid  was 
entirely  decomposed.  It  was  then  diluted  with  water, 
and  sulphite  of  ammonia  added,  when  the  liquid  gradu- 
ally became  turbid,  and  acquired  a  cinnabar  red  colour. 
After  some  hours  it  was  boiled  and  small  portions  of 
sulphite  of  ammonia  added  from  time  to  time.  The 
boiling  was  continued  two  hours  in  order  to  precipi- 
tate the  whole  of  the  selenium.  Collected,  dried,  and 
heated  nearly  to  fusion  on  the  filter,  it  weighed  26 
parts. 

€. — From  the  liquid,  separated  from  the  selenium, 
and  deprived  of  its  sulphurous  acid  by  boiling,  sub- 
carbonate  of  potassa  threw  down  a  green  precipitate, 
which  when  washed,  dried,  and  heated  red,  was  con- 
verted into  black  oxide  of  copper,  and  weighed  37 
parts,  equivalent  to  81.55  of  copper.  This  oxide, 
dissolved  ip  hydrochloric  acid,  gave  a  blue  solution 
with  an  excess  of  ammonia.  The  alkaline  liquor  from 
which  the  carbonate  of  copper  had  been  separated, 
'  ptill  retained  a  greenish  tinge ;  it  was  concentrated 
and  slightly  acidulated  with  hydrochloric  acid,  and  a 
further  precipitate  of  1.5  part  of  copper  separated  by 
a  plate  of  iron,  if  hich  makes  the  ^hole  of  the  copper 
iBt05, 
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The  liquid  precipitftled  by  sulphuretted  hjdrogea^ 
(b)  was  deprived  of  the  excess  of  gas  by  boilings  and 
mixed  with  caustic  anrnionia^  which  threw  down  a 
yellowish  precipitate,  weighing,  when  dried,  1.8  parts, 
and  was  a  mixture  of  oxide  of  iron  with  a  little  alu- 
mina. The  remaining  solution  was  mixed  with  sub- 
carbonate  of  potassa  in  excess,  and  evaporated  to 
dryness.  The  saline  mass,  re-dissolved  in  water,  left 
m  white  earth,  which,  heated  red,  weighed  3.4  parts. 
Sulphuric  acid,  mixed  with  this  earth,  occasioned  an 
effervescence,  and  by  evaporation  became  gelatinous, 
and  deposited  silica ;  it  appeared  also  to  contain  mag- 
Desia,  but  it  was  not  pai*ticalarly  examined,  as  these 
edrths  were  evidently  foreign  to  the  ore. 

The  results  of  the  analysis  then  are 

Silver 38.93 

Copper      .     • gS.05 

Selenium   ........  S6.00 

Earthy  and  foreign  substances  •  8.90 

Loss 3.12 

lOO.OO 

\  The  great  loss  must  be  partly  attributed  to  the 
carbonic  acid  of  the  carbonate  of  lime ;  still  more  to 
selenium,  which  it  is  difficult  to  separate  entirely,  and 
partly  to  the  loss  unavoidable  in  these  sort  of  experi- 
ments. 

M.  Berzelius  proposes  to  call  this  mineral  Eukairite 
(from  fvxa/fNT,  opportunus)  from  the  fortunate  disco- 
very of  the  mineralogical  situation  (gisement)  of  sele- 
nium, at  the  moment  he  had  finished  his  experiments 
on  that  interesting  substance;  This  mineral  appears, 
on  the  authority  of  M.  Hisinger  to  come  from  an  old 
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intne,  dow  abandoned,  at  Skrickerum  in  the  parish  of 
Tryseruniy  in  Smoland ;  8pecimei\s  of  it  are  occasion- 
ally .found  in  old  collections,  under  the  name  of  native 
bismuth,  from  Skrickerum.  Berzelius  found  a  fine 
specimen  of  Eukairite,  in  the  collection  of  the  College 
of  Mines,  at  Stockholm.  It  is  surrounded  with  black, 
or  dark  green  serpentine,  penetrated  at  its  point  of 
contact  with  the  Eukairite,  by  selenuret  of  copper. 

He  has  also  found  selenaret  of  copper  in  carbonate 
of  lime» 

F.    Volatiliti/  of  Bismuth. 

From  some  late  experiments  by  M.  Chaudet,  it 
appears,  that  perfectly  pure  bismuth,  when  heated  in 
a  luted  crucible,  to  30**  of  Wedgewood*s  pyrometer, 
under  charcoal  powder,  is  completely  volatilized. 
(Annales  de  Chimie,  vol.  ix.  p.  397.) 

G.  Separation  of  Nickel  and  CobalL 

In  a  paper  read  to  the  Academy  of  Sciences  at  Paris, 
in  August  1818,  M.  Laugier  proposes  the  following 
method,  as  preferable  to  all  others,  for  separating 
sickel  and  cobalt. 

1.  Roast  the  ore  to  separate  the  arsenic  as  completely 

as  possible.  • 
'2.  Dissolve  the  residuum  in  nitric  acid,  and  evapo* 
rate    the    solution    to  separate  the  oxide  of 
arsenic. 

3.  Pass  sulphuretted  hydrogen  gas  through  the  solu- 

tion, till  all  the  arseniates  are  decomposed,  and 
the  copper  thrown  down. 

4.  Boil  the  solution  to  drive  off  the  excess  of  sul- 

phuretted hydrogen,  and  then  precipitate  all  the 
jnetals  by  carbonate  of  soda. 
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5»  Digest  the  carbonates  in  oxalic  acid  to  separate 
the  iron,  and  dissolve  the  x^xalates  of  nickel 
and  cobalt  in  ammonia;  filter,  and  leave  the 
solution  at  rest  exposed  to  the  air :  it  gradoallj 
loses  its  fine  violet  blue  colour  and  becomes 
red,  fit  the  same  time,  the  oxalate^  of  nickel  pre- 
cipitates of  a  deep  green  colour,  which  is  to  be 
washed  with  repeated  portions  of  warm  water, 
to  remove  any  little  oxalate  of  cobalt  that  may 
have  been  carried  down  with  the  nickel,  and 
the  washings  added  to  the  red  ammoniacal  solu- 
tion  which  now  contains  nothing  but  the  cobalt* 
(Annales  de  Chimie,  vol.  ix.  p.. 867.) 


H.  Oxymuriate  of  Lime. 

Dr.  Thomson  has  lately  examined  the  salt  known 
by  this  name,  and  which  is  much  used  in  the  modem, 
method  of  bleaching,  with  a  view  to  determine  its 
composition  and  nature.  He  dissolved  50  grains  in 
water,  and  converted  the  insoluble  portion  into  sulr 
phat^  of  lime ;  when  heated  red  it  weighed  27.8  grains, 
indicating  11.68  of  lime. 

The  solution,  which  reddened  turmeric;  and  conse- 

.quently  held  some  lime  dissolved,  was  mixed  with 

sulphuric  acid,  evaporated  to  dryness,  and  heated  red; 

the  sulphate  of  lime  weighed  31.5  grains,  equivalent 

'to  13.23  of  lime. 

Another  50  grains,  dissolved  in  water,  and  precipi- 
tated by  nitrate  of  silver,  gave  55  grains  of  chloride  of 
silver,  indicating  13.56  of  chlorine, 

13.56  of  chlorine,  require  10.93  of  lime,  therefore 
4}ie  50  grains  are  composed  of 
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1.  Undissolved  portion,  lime  •     •    •    ,     .11.68 
8«  Dissolved  portion,  1  chlorine       •    .    «  13.56 

2  combined  lime  •   •  10.92 

3  uncombined  ditto      2.31 
'4l  water  &  impurities  11.53  . 

50.00 

I 

^  1160  grains  of  the  dry  oxymnriate,  were  submitted 
to  heat  in  a  glass  retort,  connected  with  a  proper 
apparatus  to  receive  the  gas  evolved  over  water.  Pure 
oxygen  came  over  for  some  hours,  the  whole  quantity 
of  which  amounted  to  164  cubic  inches.  The  dry  ^t 
in  the  retort  had  lost  its  smell,  and  its  action  on  vege- 
table colours;  and  when  digested  in  water  a  solution 
of  common  hydrochlorate  of  lime  was  obtained.  ^  I 
conclude,*'  says  Dr.  Thomson,  '^  from  this  experimentt 
that  in  the  bleaching  salt  the  chlorine  was  united,  not 
to  calcium,  but  to  lime,  and  that,  therefore,  it  is  in 
reality,  a  chloride  of  lime,  as  it  has  hitherto  been  sup* 
posed  to  be ;  when  it  is  heated,  the  lime  parts  with  its 
oxygen,  and  is  converted  into  calcium,  and  the  chloride 
of  lime,  becomes  a  chloride  of  calcium.  Of  course  it 
loses  its  peculiar  properties,  and  when  dissolved  in 
water,  is  nothing  else  than  a  muriate  of  lime.'' 

Dr.  Thomson  finds  also  that  chlorides  of  barya^ 
strontia,  potassa,  and  soda,  may  also  be  formed,  by 
double  decomposition  from  chloride  of  lime,  and  he 
thinks  it  probable  that  many  of  the  metallic  oxides, 
are  capable  of  forming  chlorides  likewise.  (Annals  of 
Philosophy,  vol.  xiii.  p.  182.) 

Since  50  grains  of  the  bleaching  salt  contain  10.92 

of  combined  lime,  1160  must  contain  253.34  =  71.5 

•  of  oxygen ;  100  cubic  inches  of  oxygen  gas  weigh  33.75 
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grains,  therefore  71.5  grains  are  equal  to  Sll  cabic 
inches.     There  is  a  deficiency  of  oxygen  obtained  in 
the  experiment  of  47  cubic   inches.     Probably   the 
.  whole  of.  the  chloride  was  not  decomposed. 

I.  Wodanium. 

^  In  our  number  for  January,  we  announced  the 
discovery  of  a  new  metal  by  Lampadius^  which  he  has 
distinguished  by  the  name  of  Wodaniutn :  we  shall  now 
translate  the  account  of  this  new  metal  which  Lam^ 
padius  has  himself  published. 

Our  venerable  mine  superintendant,  Von  Trehra, 
has  had  in  his  possession  for  several  years  a  metallic 
mineral  from  Tdpschau,  in  Hungary,  under  the  name 
of  a  cobalt  ore.  But  as  it  gives  no  blue  colour,  I 
got  it  from  him  in  order  to  make  some  further  trials 
on  it.  I  could  detect  in  it  no  cobalt;  but  found  in  it 
SO  per  cent,  of  a  new  metal  united  with  sulphur^ 
arsenic,  iron,  and  nickel. 

^'  This  metal  has  a  bronze  yellow  colour,  similar  to 
that  of  cobalt  glance;  and  its  specific  gravity  18 
I1.47a 

^^  It  is  malleable;  its  fracture  is  hackly;  it  has  the 
hardness  of  fluor  spar;  and  Is  strongly  attracted  by 
the  magnet. 

^'  It  is  not  tarnished  by  exposure  to  the  atmosphere 
at  the  common  temperature;  but  when  heated  it  is 
converted  into  a  black  oxide. 

^'  The  solution  of  this  metal  in  acids  is  colourlesa; 
or  at  least  has  only  a  slight  wine-yellow  tinge.  Its 
faydrated  carbonate  is  likewise  white.  The  hydrate  of 
it,  precipitated  by  caustic  ammonia,  is  indigo  blue. 

^^  Neither  die  alkaline  phosphates  nor  arseniate» 
Q(Ccasion  any  precipitate,  when  dropped  into  a  eatu- 
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rated  solution  of  tliis  metal  in  an  acid :  neither  is 
precipitate  produced  by  the  infusion  of  nut-gallft»  Jk 
plate  of  zinc  throws  down  a  bhick  melailie  pow<fer 
from  the  solution  of  this  metal  n  nuriatic  acid. 
Prussiate  of  potash  throws  dows  a  pearl-grey  precipi- 
tate, &c. 

'^  Nitric  acid  dissolve*  with  facility  both  the  metal 
and  its  oxide,  and  the  solution  yields  colourless  needle- 
form  crystals,  which  readily  dissolve  in  water. 

^^  As  the  names  of  the  planets  have  been  already  all 
applied  to  newly  discovered  metals,  I  have,  in  imita^ 
tMm  of  Berzelius,  had  recourse  to  the  old  German 
Blythology,  and  give  the  metal  the  provisional  name  of 
fVodan^  or  Wodanium*  My  worthy  friend  Breithaupt, 
classes  the  mineral  that  contains  this  new  metal  among 
the  pyrites,  and  gives  it  the  name  of  Wodan  pyrites 
(tVodan-kies.)  He  gives  the  following  description  of 
this  mineral. 

<^  Wodan  pyrites  has  the  metallic  lustre,  and  is  shin« 
ing  or  glistening. 

^^  Its  colour  is  dark  tin-white,  passing  into  grey,  ot 
into  brown.  Hitherto  it  has  occurred  only  massive; 
and  in  that  state  it  is  full  of  cavities. 

'^  The  fracture  is  uneven,  and  either  small  or  great 
granular:  fragments  indeterminate  angular,  withedgec 
not  peculiarly  sharp. 

^^  Harder  than  fluor  spar;  but  softer  than  apatite* 

^^  Brittle.     Easily  frangible. 

**  Specific  gravity,  5.193. 

'^  Lampadius  informs  us,  in  the  letter  of  which  the 
preceding  paragraphs  contain  the  translation,  that  ht 
intends  to  publish  a  full  account  of  the  new  metal  and 
its  ore  in  the  Transactions  of  the  Mineralogical  Society 
of  Dresden."    (Gilbert's  Aunalen^de  Pbysik,  Ix.  99^ 
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for  September,  1818#    Annals  of  Philosophji  y6L  jiiit 
p*  232. 


\ 


K*  Method  of  procuring  Meconie  Acid. 

*^  The  infusion  of  opium,  from  which  the  morphiii 
had  been  precipitated  by  means  of  anlmonia,  tras  eva-* 
porated  to  the  consistence  of  a  syrup,  and  left  in  a 
state  of  rest;  but  no  crystals  would  form  in  it.  It 
was  then  diluted  with  16  ounces  of  water,  and  mixed 
with  1  oiinc?  of  caustic  ammonia.  As  no  precipitate 
appeared  alter  the  interval  of  an  hour,  the  liquid  was 
heated  to  drive  off  the  excess  of  ammonia.  When 
Iieated  to  the  temperature  of  12S^,  it  became  muddy, 
an4  I5y  grains  of  impure  morphia  were  precipitated. 
The  liquid  being  freed  from  this  precipitate  and  fron| 
the  excess  of  ammonia,  muriate  of  barytes  was  poured 
into  it  as  long  as  any  precipitate  fell.  The  precipitate, 
being  collected  and  dried,  weighed  seven  drams,  and 
was  Serturner's  meconate  of  barytes.  «To  obtain  the 
meconie  acid  from  this  salt,  M.  Choulaiit  triturated  it 
in  a  mortar,  with  its  own  weight  of  glassy  boracic  acid« 
This  mixture  being  put  into  a  small  glass  flask,  which 
was  surrounded  with  sand  in  a  sand  pot  in  the  usual 
manner,  and  the  heat  being  gradually  raised,  the 
meconie  acid  sublimed  in  the  state  of  fine  white  scales, 
or  plates." 

Properties  of  Meconie  Acid. 

^'  It  has  a  strong  sour  taste,  which  leav^  behind  it 
an  impression  of  bitternessr 

^'  It  dissolves  readily  in  water,  alcohol,  and  ether. 

^^  It  reddens  the  greater  number  of  vegetable  blues^ 
and  changes  the  solutions  of  iron  to  a  cherry-red 


V 

ebloUi'.  When  these  solutions  arc^  hcfated^  tW  iron 
is  precipitated  in  the  state  of  protoxide^"  (Annals 
of  Philosophy,  vol.  xiii.  p*  230.)  * 


L»     New  Researches  on  Oxygenated  Tf^iUer, 

In  continuing  his  reseiarches  on  this  subject,  M* 
Thenard  placed  1200  parts  of  water  containing  only 
Si  times  their  volume  of  oxygen,  under  an  exhausted 
receiver,  above  a  basin  almost  full  of  sulphuric  acid; 
the  water  soon  froze,  and  in  some  days  w|is  reduced 
to  SO  parts.  The  water,  instead  of  3|  volumes,  then 
contained  41  volumes  of  oxygen,  and  Thenard  con- 
ceives it  might  have  been  much  further  oxygenated 
had  the  quantity  permitted  him  to  continue  the  eva- 
poration, for  he  succeeded  in  combining  an  acid 
liquid  with  120  volumes  of  oxygen,  which  even  still 
continued  to  absorb  it,  with  the  same  ease  as  at  first, 
and  scarcely  gave  any  off,  by  the  action  of  an  alkali. 
4.t  what  point,  he  asks,  will  the  absorption  stop? 
Will  it  be,  when  the  oxygen  equals  half  of  that  con- 
tained in  the  water,  or  its  whole  quantity  ? 

Water  containing  41  volumes  of  oxygen  possesses 
the  following  properties : 

It  is  insipid,  inodorous,  colourless,  >  and  has  no 
action  on  litmus;  it  freezes,  and  evaporates  in  a 
vacuum  without  decomposition.  A  temperature  of 
212°  soon  disengages  all  its  oxygen,  and  the  same 
effect  is  produced  by  charcoal^  by  the  peroxides  of 
manganese,  cobalt,  and  lead,  by  the  oxides  of  silver 
and  platina,  and  by  metallic  platina,  osmium,  silver^ 
gold,  palladium,  rhodium,  and  iridium,  when  im- 
nutely  divided.    The  effervescence  is  almost  always 
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very  brisk,  and  in  some  cases,  the  metallie  o»de 
parts  with  its  own  oxygen  at  the  same  time  that 
it  disengages  the  oxygen  of  the  water :  the  metal» 
never  become  oxidated  in  the  process.  When  oxide 
of  silver  is  placed  in  contact  with  oxygenated  water, 
instead  of  the  temperature  being  reduced,  by  the 
disengagement  of  the  oxygen,  ais  we  should  expect 
from  theory,  heat  is  evolved,  and  to  such  an  extent 
that  Thenard  thinks  it  would  raise  a  very  highly 
oxygenated  liquid  to  the  boiling  point;  several  per-« 
oxides  produce  the  same  eflfect.  The  cause  of  these 
plienooMBna  is  still  hidden  in  obscurity.  (An.  de  Gh« 
yoK  ix.  p.  4410 

.  Since  the  preceding  note  was  published,  Thenard 
J|[as  obtained  water,  containing  more  than  400  tfane» 
\ts  volume  of  oxygen.  It  possessed  the  following 
properties : 

When  placed  on  the  skin,  it  soon  attseked  the  ept>^ 
dei*mis,  whitened  it,  and  occasioned  a  violent  pricking 
senaation.  Its  taste  was  both  astringent  and  bitter, 
and  somewhat  resembled  that  of  emetic  tartar. 

.I^ome  drops  pf  the  water  being  put  into  a  tube,  and 
Qxide  of  silver  added  to  it,  a  violent  effenrescencd 
took  place,  and  the  tube  became  so  hot,  that  it  could 
not  be  held  in  the  naked  hand. 

Lastly,  a  lai;ge  quantity  being  put  into  a  glass,  and 
Bome  recently  precipitated,  and  still  moist,  oxide  of 
silver  dropt  suddenly  into  it,  a  slight  explosion  ensued. 
(An.  de  Ch.  vol.  x.  p.  114.) 

The  following  note  appeared  in  the  Annales  de 
Chimie,  for  March,  1819,  (vol.  x.  p.  335),  and  is 
highly  interesting,  as  containing  the  completion  of 
M.  Thenard^s  very  curious  researches  on  this  sub* 
iect.  c      . 
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It  MiiU  be  seen  tbat  the  result  Is  a  hew,  and  hitherto 
tinsuspected,  definite  combination  of  oxygen  and  hy- 
drogen, in  which  the  quantity  of  the  former  is  just 
double  that  which  Is  contained  in  water.  It  is  the 
water,  therefore,  and  not  the  acid,  as  M.  Thenard 
iirst  imagined,  that  is  oxygenated,  the  effect  of  the 
latter  being  only  to  render  the  union  between  the 
water  and  oxygen  more  stable,  I  understand  M. 
Thienafd  still  considers  the  phenomena  to  be  refer«- 
^ble  to  electrical  energies,  but  it  would  be  improper 
to  anticipate  his  reasoning,  which  no  doubt  will  be 
as  acute  and  satisfactory,  as  the  experiments  which  led 
to  these  extraordinary  facts  have  been  ingenious.  I 
'give  the  note  as  it  is  published  in  the  journal  above 
^mentioned. 

JVira^  results  on  the  combination  of  Oxifgen  with  WuUr^ 

By  M.  Thekard. 

(PreseDted  to  the  Academy  of  Sciences^  M<»ldfty^ 

March  S9th,  1819.) 

I  have 'at  length  succeeded  in  saturating  water  *wlth 
oxygen,  and  find  it  to  contain  850  (a)  times  its  volume 
of  oxygen,  or  twice  that  which  is  proper  to  it,  in  its 
natural  state.  Its  properties  are  altogether  peculiar ; 
amongst  which  the  most  remarkable,  are  the  fol- 
lowing : 

Its  density  is  1 .455,  and  when  poured  into  common 
water,  it  is  seen  flowing  through  it  like  syrup,  al- 
though very  soluble  in  that 'fluid.     It  attacks  and 


{a)  Thif  must  be  a  mistake,— the  qoantity  of  oxygen  in  common 
water,  in  the  form  of  gai,  would  be  about  650  tiiaei  itf  volume ;  con« 
a«luCDtlySfi0  4li9(||ldbii»«tl«Mt,  1300.  ^ 
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whitens  the  epidermis,  almost  instantly,  and  prodiU^es 
'a  pricking  sensation,  more  or  less  durable  in  pro-> 
portion  to  the  quantity  of  liquid  applied  \o  the 
skin;  if  a  large  quantity  be  applied,  the  skin  is 
destroyed.  It  also  whitens  the  tongue,  thickens  the 
saliva,  and  produces  a  flavour  on  the  palate  something 
similar  to  that  of  emetin.  Its  action  on  oxide  of 
silver  is  most  violent :  a  drop  of  the  oxygenated 
water  let  fall  on  the  dry  oxide,  occasions  an  explo- 
sion, with  evolution  of  heat  and  light.  Many  other 
,  oxides,  beside  that  of  silver,  act  also  with  great 
energy  on  oxygenated  water,  as  the  peroxides  of 
manganese  and  cobalt,  and  the  oxides  of  lead,  pla- 
tina,  palladium,  gold,  iridium,'  &c.  Several  metals^ 
when  minutely  divided,  produce  similar  phenomena, 
as  silver,  platina,  gold,  osmium,  iridium j  rhodium, 
ahd  palladium.  In  the  preceding  instances,  the  oxy- 
.•gen  combined  with  the  water  flies  off,  and  sometimes 
that  of  the'  oxide  also ;  but  some  of  the  other  metals 
unite  with  the  oxygen  disengaged  at  the  moment  the 
compound  is  decomposed,  and  are  converted  into 
acids ;  such  are  arsenic,  molybdena,  and  tungsten ; 
and  also  the  new  substance,  selenium.  These  pheno- 
mena are  often  attended  with  the  evolution  of  light. 
.  The  acids  render  the  combination  of  the  oxygen 
and  water  more  stable.  Thus  gold,  very  finely 
divided,  acts  with  great  energy  on  pure  oxygenated 
water,  but  has  no  action  on  wafer  containing  a  little 
sulphuric  acid  (a). 

.1^        I         II  m        • 11..  Ill  » ■        m  ■»! 

(a)  The  desultory  manner  in  which  M.  'Thenard's  experiments  were 
from  time  to  time  communicated  to  the  world,  must  'be  my  apology 
for  presenting  them  in  the  same  unconnected  state,  in  this  voiuine^  which 
was  too  far  advanced  in  its  progress  through  the  press,  when  the  final 
results  were  announced,  to  allow  me  to  reduce  the  whole  (as  I  thould. 
otherwise  have  done)  iatu  a  more  condensed  and  regular  form. 
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M.    Separation  of  Sulphur  and  Arsenic. 

Mr.  Richard  Phillips  has  lately  given  us  a  method' 
of  separating  these  two  substances.  It  consists  in 
boiling  them  with  nitric  acid,  saturating  the  sulphuric 
and  arsenic  acids  thus  formed,  with  potassa,  and  then 
pouring  in  a  solution  of  nitrate  of  barya.  Sulphate 
of  barya  falls  down,  but  the  arseiriate  remains  in 
solution.  The  sulphate  being  separated  by  the  filter,* 
nitrate  of  lead  is  to  be  added  to  the  clear  liquor,  as 
long  as  any  arseniate  of  lead  is  precipitated.  From 
the  quantities  of  sulphate  of  barya,  and  arseniate  of 
lead,  those  of  the  sulphur  and  arsenic  are  ascertained. 
100  parts  of  sulphate  of  barya  are  equivalent  to  13.6 
parts  of  sulphur,  and  100  of  arseniate  of  lead  to  S2.35 
of  arsenic.  Simple  as  this  method  is,  the  commoni- ' 
cation  is  valuable,  because,  as  Mr.  Phillips  observes, 
^^  the  arseniate  of  barytes  is  described  as  an  insoluble 
salt,"  in  many  chemical  works.  Thus,  Thomson, 
System  of  Chemistry,  vol.  ii.  page  477.  "  This  salt  . 
is  insoluble  in  water,  except  there  be  an  excess  of 
acid.*'  Mr.  Phillips  however  found  that  on  pouring 
a  solution  of  arseniate  of  pota^a  into  one  of  nitrate 
of  barya,  no  immediate  precipitation  occurred,  though 
after  standing  some  days,  very  delicate  feathery 
crystals  of  arseniate  of  barya,  were  formed. — (Quar* 
terly  Journal  of  Science  and  the  Arts,  vol.  x. 
page  100.) 

N.    Test  for  Iodine. 

'^  Lampadius  has  observed,  that  Iodine  dissolves 
with  great  facility  in  sulphuret  of  carbon,  and  gives 
it  a  darjk  brownish  colour.    One  grain  of  iodine 
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gives  a  deep  colour  to  1000  grains  of  this  liquid. 
Henr^  he  recommends  -the  sulphtiret  of  carbon,  ^ 
an  exc  .lent  re-aj^ent,  for  detecting;  the  pre-ence  of 
fodiiie* "-—(Annals  of  Philosophy,  vol.  idii.  p.  SIO.) 


©•    Boiacic  Add  in  Hard  Stones. 

In  note  d,  p.  186,  it  is  stated  that  ^^  hitherto  only 
the  fluoric  and  phosphoric  acids  have  been  found  in 
the  hard  stones  employed  as  g'ems."  Since  that 
pas^e  ^va^  printed  off,  an  analysis  of  ^een  Tourma- 
•line,  l>  M.  Arfwedson,  and  another  of  the  Rubelite 
(tourmaline  apyre  of  Haiiy)  by  M.  Berzelius,  have  , 

been  publihed  in  the  Annales  de  Chimie;,  in  both  of 
whi«h  substances  they  have  found  boracic  acid  (<?). 
I  shall  add  a  short  sketch  of  the  analysis  by  M. 
Arfwed-on.  j| 

A  portion  of  the  green  tourmaline  in  fine  powder,  '  i 

was  strongly  heated  for  an  hour,  with  four  times  its  / 

weigiit  of  carbonate  of  barya;  the  mass  was  dissolved 
in  hydrochloric  acid,  and  the  solution  evaporated  to 
dryness.  Water,  acidulated  ^ith  hydrochloric  acid, 
then  dissolved  every  thing  but  the  silica. 

The  barya  was  separated  from  the  solution  by  sul- 
phuric^ acid,  and  the  other  earths,  with  the  oxides  of  • 
iron  and  mansranese,  bj  an  excess  of  carbonate  of 
ainmonia.  The  solution  being  separated  from  the 
precipitate,  and  evaporated  to  dryness,  a  sulphate 
was  obtained,  which  when  again  treated  with  am* 
monia  as  before!,  dried,  and  heated  red,  redissolved 


(<r)  Cr«ea  tourmaline.  aUo  containr  Uthia,  aod  rubclile  both  Uthla 
andioda. 
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lA  water  without  leaving  any  resMttam.  This  solii- 
tibn  was  freed  fripiB  its  sulphuricacid,  by  acetate  of 
barya^  and  the  filtered  liquid  evaporated.  A  gummy 
mass  was  obtained,  which  by  calcination,  in  a  platiaa 
crucible,  was  decomposed  mA  afforded  a  fused  alka- 
line mass,  which  proved  to  be  lithia.  ''  I  hegan  to 
consider  my  work  almost  feished,"  (adds  M.  Arfwetl- 
son)  '^  when  on  drying  and  heating  a  portion  of  tke^ 
alkaline  ^luti  on,  I  observed,  at  the  moment  the  mava 
began  to  fuse,'  that  it  swelled  up,  like  borax,  and  left 
a  glass,  after  calcination,  of  the  same  appearance  as 
vitrified  borax.  It  was  very  probable  therefore,  that 
the  mineral  contained  boracic  acid,  and  I  ascertajne^^ 
it  by  heating  the  fused  mass  with  muriatic  acid,  which 
gave  me,  by  evaporation,  a  salt,  partly  soluble  in 
alcohol,  to  which  it  imparted  the  property  of  burning 
"with  the  greenish  flame  so  characteristic  of  boracic 
acid." 

To  obtain  the  quantity  of  this  acid,  a  portion  of 
the  mineral  was  fused  with  supersulphate  of  potas^sa^ 
the  mass  boiled  with  alcohol  and  the  filtered  liquid 
evaporated  to  dryness.  A  substance  remained,  equal 
to  1.1  percent  of  the  weight  of  the  tourmaline,  and 
having  all  the  properties  of  boracic  acid.-:^(Annale» 
de  Chimie,  vol.  x.  page  98.) 


P.    Trcutment  of  Stones^  containing  a  large  proportion 

of  Alumina. 

"  Some  minerals  which  contain  little  silica,  and  a 

great  deal  of  alumina,  will  not  be  rendered  ^uite 

soluble  by  heating  them  with  an  alkali.     In  such 

/^asea  a  portion  of  insoluble  matter  remains^  upon 
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which  the  muriatic  acid  has  no  action.  This  is  a 
portion  of  the  mineral  in  its  original  state,  to 
render  it  soluble  we  must  repeat  the  heating  with 
an  alkali,  softening  with  water,  and  adding  muriatic 
acid  fill  we  obtain  a  complete  solution.  Five  or  six 
repetitions  of  these  processes  may  in  some  casesf  be 
requisite.  With  such  minerals  it  is  better  to  employ 
litharge  or  borax,  or  phosphoric  acid,  than  potash  or 
soda.  We  will  then  obtain  a  complete  solution  by 
ohe  process,  which  will  greatly  diminish  the  risk  of 
prror," — (Sup,  Enp^,  Brit,  vol.  iii.  p,  519.) 


Q.    Analysis  of  Carbonates^ 
* 

Instead  of  the  flask  and  spiral  tiibe,  mentioned  at 
page  209,  a  Woulfe's  bottle,  with  two  necks,  may  be 
used,  as  recommended  by  Dr.  Thomson. 

'^  To  one  of  the  mouths  let  a  crystal  stopper  be 
fitted ;  the  other  must  remain  open.  Pour  into  this 
phial  a  quantity  of  concentrated  nitric  acid,  recently 
heated  to  deprive  it  of  the  nitrous  gas  which  the 
smoking  acid  of  the  shops  always  contains.  Put  into 
the  mouth  of  the  phial  a  plug  of  cotton  wool.  Balance 
this  phial  accurately  upon  the  scales  of  a  good  beam* 
Suppose  the  carbonate  to  be  subjected  to  analysis,  to 
be  calcareous  spar  or  common  limestone.  Break  the 
ininera}  into  Small  pieces,  of  such  a  size,  that  they 
ean  conveniently  pass  through  the  mouth  pf  the  phial. 
But  let  there  be  no  powder.  Into  the  same  scale  that 
contains  the  phial  with  the  nitric  acid,  put  fifty  grains 
of  these  pieces,  and  counterpoise  them  exactly  by  fifty 
grains  weight  put  into  the  opposite  scale.  The  nitric 
acid  must  have  b^en  poured  iqto  the  phial  thrpugli 
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the  mouth  farnifihed  with  a  glass  stopper.  As  soon 
as  it  is  poured  in,  the  mouth  must  be  wiped  with  a 
piece  of  paper,  and  the  stopper  put  in  its  place » 
Remove  the  cotton  plug,  and  with  a  pair  of  forcepe 
lift  up  the  pieces  of  calcareous  spar,  and  put  them 
one  after  another  into  the  phial  through  the  ^  open 
mouth.  Then  replace  the  cotton  plug;  the  pieces 
will  immediately  begin  to  dissolve  with  efiervescenee, 
owing  to  the  escape  of  the  carbonic  slcid  gas,  and  in 
proportion  to  its  escape  the  weight  will  diminish,  and 
the  opposite  scale  will  preponderate.  When  the 
solution  is  completed,  or  when  the  effervescence  is  at 
an  end,  remove  the  phial  from  the  balance ;  place  it 
upon  a  table.;  take  out  the  glass  stopper,  and  the 
cptton  plug,  then  introduce  through  one  of  the 
mouths  of  the  phial  a  small  glass  tube,  and  plunge  it 
nearly,  but  not  quite  so  low  as  the  surface  of  the 
nitric  acid.  Apply  the  mouth  to  the  other  end  of  the 
tube,  and  blow  air  gently  through  it  for  about  a 
minute.  Then  draw  in  air  through  it  into  the  mouth 
for  about  another  minute.  This  will  remove  the 
carbonic  acid  gas  which  is  usually  floating  in  the 
^mpty  part  of  the  phial,  and  materially  affects  the 
weight.  Put  the  glass  stopper  and  the  cotton  plug 
again  in  their  places.  Put  the  phial  on  the  same 
scale  of  the  balance  where  it  was  before,  and  adH 
weights  till  the  equilibrium  is  restored.  These 
weights  are  eqiuvalent  to  the  weight  of  the  carbonic 
acid  which  had  made  its  escape  during  the  solution  of 
the  mineral  in  the  nitric  acid.'' — (Sup.  Eney.  Brit, 
yol.  iii,  p.  5?1.) 
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IL, .  Ckcide$y  wikh  in  a  gelatinous  |l«tf^,  ^rr  very  f&* 
bible  in  solulions  qf  PoUusa  or  Sodlfi,  especktHjf 
when  heated* 
•Silica, 
'  Alumina* 
Glueina^ 

Tbe'cmdes  of  tin,  especially  the  deutoxrdcu 

Arsenicum  acid. 

AntiBKmious  and  antimonic  aeids* 

Oxide  .of  tellurium* 

O  jside  !of  lead« 

OxideSy  less  soluble  in  the  same  sofntkii^^ 

The  oxides  of  manganese,  chiefly  the  deutoatide 
atrd  peroxide. 

Oxide  of  antimony, 

Hydrated  oxide  of  nickel. 

Hydrated  oxide  and  deutoxide  of  iron. 

Oxide  of  rhodium. 

Lime,  barya,  and  strontia,  especially  the  two  lat-  - 
ter,  also  dissolve  some  oxides,  but  only  in  small 
quantities.  Those  on  which  they  appear  to  have 
most  action,  are  the  oxides  of  zinc  and  lead.  Ac- 
D^ordini?^  to  M.  Vaiiquelin,  alumina  is  also  slightly 
Soluble  in  barya  and  strontia. 

The  mutuaT  action   of  the  oxides  on  each  other, 

sometimes  occasions  their  precipitation  from  water,  and 

feVen  from  solution?;  in  alkaline  and  acid  menstrua. 

*    I.  If  water  of  barya  be  added  to  a  solution  of  aili- 

cated  pota^sa,  the  silica  and  barya  fall  down 

in  combination.     Strontia  and  lime  water,  pr«K 

duce  the  ;iame  efieet. 


with  fmoth^of  akuBiBaAftdfMHtaasfi^  an  opik^ 
fpelatinous  precipitate  of  «iUi^a  a«d  alunjmii 
intimately  camfoined,  almost  imnediateiy  en* 
sues. 

&  I  f  lime  water  and  alumina,  is  a  jgelatinous  state, 
be  agitated  together,  the  lime,  will  condiiiie 
with  the  alumina,  and  when  separated  by  the 
filter,  the  water  will  be  left  pure.  Accordin|p 
to  Chenevix,  alumina  assbts  the  solution  of 
lime  in  potassa  and  soda, 

4.  When  ammonia  is  poured  into  an  acid  solutioii 
of  sulphate  of  magnesia,  a  soluble  ammoniaco- 
magnesian  sulphate  is  formed^  indecomposable 
f>y  ammonia ;  but  if  an  acid  solution  of  suT- 
pbate  of  alumina,  be  previously  adde',  the 
alumina,  if  in  sufficient  quantity,  carries  tlowii 
with  it,  at  the  moment  6f  its  precipitation,  all 
the  magnesiiBL  of  the  magnesian  salt,  and  only 
sulphate  of  ammonia  is  left  in  the  filtered 
liquor.  The  same  thing  happens  if  we  employ 
a  solution  of  the  bicarbonate  of  potassa,  which 
does  not  precipitate  the  magnesia  from  its 
sulphate  if  the  salt  be  pure,  but  throws  it 
down  entirely,  if  mixed  with  a  sufficient  quan- 
tity of  sulphate  of  alumina. 

5*  Water  precipitates  oxide  of  antimony  from  its 
chloride,  which  it  decomposes.  Chloride  of 
tin,  is  very  soluble  in  water;  but  if  two  parts 
of  chloride  of  tin,  be  mixed  with  one  of  chlo- 
ride of  antimony,  and  a  large  quantity  of  water 
be  added,  the  precipitated  oxide  of  antimony 
will  carry  the  oxide  of  tin  d^own  with  it. 
(Thenard,  vol.  ii.  p.  SOO.) 


I  hftve  ii^ertdd  tUs  extract  (althotigli  the  subject 
has  not  been  overlooked  in  some  of  the  preceding^ 
pages),  in  order  to  warn  the  student  of  the  action  of 
different  substances  on  each  other,  when  in  solution 
together.  Ignorance  of  these  facts,  or  inattention  to 
th^,  is  likely  to  produce  serious  errors  in  the  results 
of  an  analysis. 

JFurlher  obsenoations  on  the  Alkali  fwm  the  Bean  of 
St.  Ignatius,  and  NiLjc  Vomica,   (Strychniis  Nuz 
Vomica,  and  Strychnus  Ignatia,)  by  M.  M.  PelIiR- 
TlER  and Xjavei^tou.    (Annales  de  Chimie,  yoL  10, 
page  142.) . 

In  deference  to  the  opinion  of  some  of  the  Members 
of  the  French  Academy  of  Sciences,  the  authors  pro*^ 
pose  to  change  the  name  of  this  substance.  Which  thej 
at  first,  called  Vauqueline,  (see  ^  237)  to  Strychnincy 
since  ^^  a  name  dearly  loved,  ought  not  to  be  applied 
to  a  noxious  principle."  j 

To  obtain  strychnine,  the  bean  of  St.  Ignatius  was 
grated,  and  heated  with  sulphuric  ether,  in  a  close 
vessel,  under  pressure,  which  dissolved  an  oily  matter; 
the  residuum  then  yielded  a.yeUowish  broi^  very 
bitter  substance,  by  the  action' of  alcohol,  which  being 
boiled  with  pure  magnesia,  and  filtered,  the  colouring 
matter  was  washed  out,  and  the  strychnine  and  mag* 
nesia,  in  a  state  of  mixture,  remained  on  the  filler. 
The  strychnine  was  then  separated  by  alcohol,  from 
the  magnesia,. and  thus  obtained  in  a  state  of  great 
purity. 

It  is  highly  alkaline,  ciystallizes  in  very  small  four- 
sided  prisms,  terminated, by  four^sided  pyramids;  if 
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n^idlj  erystallized,  it  is  white  and  ^nular.  Its 
taste  is  insupportably  bitter,  and  leaves  a  sort  of 
metallic  flavour  on  the  palate ;  it  has  no  smell ;  its 
liction  on  animals  .is  extremely  violent,  occasioning 
convulsions  and  death.  It  i^  not  altered  by  exposure 
to  the  air;  it  is  decomposed  by  a  heat  not  exceeding 
|S00*,  but  is  neither  fusible,  nor  volatile*  Notwithstand- 
ing  its  strong  taste,  it  is  very  little  soluble  in  ivater^ 
requiring  6667  parts  of  that  fluid  for  its  solution  at 
50^,  and  2500  at  212*.  It  is  very  soluble  in  alcohol ; 
it  forms  neutral  and  crystallizable  salts,  with  acid^ 

Neutral  sulphate  of  strychnine  crystallizes  in  cubes* 
This,  as  well  as  all  the  other  salts,  is  intensely  bitter,- 
and  is  decomposed  by  all  the  soluble  salifiable  bases, 
which  precipitate  the  strychnine.  A  little  cqincen- 
trated  nitric  acid,  poured  on  sulphate  of  strythninei 
turns  it  blood-red;  a  further  quantity  changes  the 
colour  to  yellow.  This  property  also  is  common  to' 
all  the  salts  of  strychnine  as  well  as  to  their  base* 
^The  sulphate  is  not  altered  by  exposure  to  the  air;  it 
fuses  at  a  heat  a  little  above  212°,  but  soon  solidifies 
again,  losing  j^^dths  of  its  weight;  at  a  higher  heat 
it  is  decomposed.  , 

It  is  composed  of .  sulphuric  acid    •    9.5. 

strychnine     .    .  90.5 


And  its  equivalent  number  is  ^7. 


100.0 


The  hydrochlorate  of  strychnine  crystallizes  in  very 
delicate  quadrangular  prisms  grouped  together  in' 
maramellae :  the  phosphate,  in  l^ry  distinct  quadi*an- 
gttlar  prisThs. 
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'  The  neatnii  nitrate  (which  catr  orrTj  be  formed  hf 
ttdding  an  excess  of  strydinnie  to  the  srid  verf  mucb 
dHuteri)  crystatKzes  ia  small  pearly  needles,  grouped 
ibgether;  at  a  beat  a  littie  above  31S^  thej  become 
jrellow,  and  are  decomposed.  Nitrate  of  strj'chttine 
is  sparingly  sotnble  in  alcohol,  and  insolable  in  ether. 
*  The  property  of  srtrycbtfine,  and  its  salts,  to  become 
red  by  thel  action  of  concentrated  nitric  acidj  aiFofdis 
a  test  to  distingnisb  tfaat^eid  or  the  nitrates.  To  a 
salt  supposed  to  contain  a  nitrate,  add  a  littie  strydi- 
nine,  and  a  fbw  drops  of  sulphuric  acid;  The  presence 
of  the  nitrate  vrill  be  detected  by  the  red  colour  which 
tbe  mixture  will  assume. 

Nitric  acid,  bj  long  boiling  with  strychnine,  gradn* 
klly  weakens^  its  alkaline,  bitter,  and  poisonous  pro- 
perties, and  at  last  totally  destroys  them ;  and  it  is 
^probable  thatit^tth  the  necessary  precautions  it  might 
be  nfilide  to  undergo  a  series  of  modifications,  tending 
4k)  produce,  "first  a  substance  having  diminished  alka- 
line properties,  then  a  neutral  substance,  and  lastly 
hn  acid,  for  some  oxalic  acid  appeared  to  be  formed 
')5y  the  long  continued  action  of  nitric  acid  on  strych- 
nine. 

Sulphuretted  hydrogen  destroys  the  colour  of  the 
red  compound  of  strychnine,  as  does  the  hydrochlorate 
of  protoxide  of  tin,  protosulphate  of  ipdn,  and  sul- 
pliurous  acid  gas.  i"^ 

Subcarbonate  of  strychnine  is  little  soluble  in  water^ 
but  very  soluble  in  carbonic  acid ;  the  carbonate  loses 
its  excess  of  acid,  by  exposure  to  the  air,  and  the  sub- 
carbonate  separates  in  granular  crystals* 

Sulphur  and  carboa^do  not  combine  with  strych- 
jiine:  iodine,  and  chlorine,  form  crystallizable  salts 
with  it. 


jLPMBimi^* 


Strychnine,  dissolved  in  nlcohol,  precipitates  their, 
citides  from  solutions  of  ttie  mdiaUic  salts,  and  the 
same  effect  is  produced,  by  (Hailing  it  in  nietfiliic  solu- 
tions; the  strychnine  dissolves,  and- the  oxide  fiiU$ 
down.  In  some  cases,  as  tvith  oxide  of  topped,  it 
forms  double  salts.  t 

Except  the  vegetable  aeids,  with  which  it  fatms 
very  soluble  neutral  salts,  sftrychhine  has  little  action 
on  vegetable  substances,  as  sugkr,  starch,  gum,  &c«; 
it  does  not  unite  with  the  £xed  oils,  but  it  is  vbrj 
Soluble  in  the  essential  oils*. 

The  aetd  with  which  strjxhnine  is  combined  Jil  ttie 
bean  of  St.  Ignatius,  has  some  analogy  with  the  imalic; 
^taporated  to  a  syrup  it  forms  hard  granular  crysiuts} 
it  is  very  soluble  in  water  and  in  alcohol;,  it^  taste;  j» 
acid  and  very  styptic;  the  salts  it  forms  with  earthy 
and  alkaline  bases,  are  soluble  in  water*  (\it  gives  no 
precipitate  with  s^lts  of  silver,  mercury,  or  iron,  but 
decomposes  the  salts  of  copper,  which  it  changes  to 
a  green  colour,  and  a  greenish  white  salt,^  v^ij 
sparingly  soluble  in  water,  is  gradually^  deposited. 
Supposing  it  probable  that  the  acid  of  the  strychnij)6 
(for  it  exists  in  all  the  tribe)  is  a  new  substancj^ 
M.  M.  Pelletier  and  Caventou  propose  to  -call  it  the 
Jgasuric  acid,  from  the  Malay  name  for  the  bean  of 
St.  Ignatius.  The  strychnine  therefore  ex^ts  ia  the 
bea^)^  as  an  igasurate. 


rf 
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t  •  •  •      .  • 

^^  Sesldes  the  two  $u^id  conipoun(^  qf  siilptiur  and 
oxygen,  (vi;5*  sulphuYous  and  sillp]iuric  acidd)  we 
liave  ^he  fullest  evidence  of  the^exlst'^^e  jif*  a  Ihird, 
composed  of  1  atom  sulphhi^'^  9 'atom  oxygen,  or 
of  106  sulphur  +  SO  oxfgenll^^^  a^Jf  to  which 
the  name  of  hyposuiphuraUk  acm  ^tnay  be  ^iven. 
This  acid  has  not  been  hitherto  obtained  in  a  sepa- 
fate  statf ^  but  it  ,can^ be  ^obtained  readily  enough 
imiied  ^d  bases  (a)  constituting  tiie  salts  at  present 
known  ^  ih^  lumke.  q£  ndphm^tted  mlphUes.'^-^ 
(Thomson's  Chemistry,  vol.  ii.  p.  112.  5th  edition.)  . 
^  It  Mtas  M)<<  Gtt|r  Luflsac  who  ficsl  conerived  these 
.sattsi;to.coiitein  a^l  petuUar  .iidid,  which  he  propo^A 
toiCftlljtbe..|»enialphttro!tts^  hut  afterwadb  changed 
th^naoie  to  thatof  jhyposiyilphiiFoiis  acid.  As  it  has 
WiP/W  be^ftivbtaified  inia.sepKrate  state^  I  have  not 
iaoljided  Unatoiigat  thf  adds^  in  the  fonner  part  <tf 
this  work^  oM't.^GajF  laussac,.  however,  has  very  rer 
owdy  aiVMi|fk^,  tilQ^steAe^i  of  a  fourdi  acid  com.* 
pajmd/^sulphiir.aiviaxygea^iwhioh  he  haaobtained 
ilir^aA  i09ii)iatod:.form^vCMV.MleiE^  combined 

,  Thf^  seetias  ng!i^r^«aon  to  %i)iefttion  the  pecoliw 
BiilliP^of  ihis  Ifttter  a€Jd^..^aiiiioe.tthedpr0pMFtieB  of  tli# 
SBJlAftMfoiVQS  wUh  cei^NUi  busefs^iire.'d^idedly  di£> 
fenomt  fimn  tbos^  of  the  sulphateSKOvi  sulphites  of  the 
saM*  hides,  to  say  nothing  Qf  th^riUttle 'pnobabiltty, 
that  so  eiouieat  a  ^^hemisjb  <^  M..  Q^  l4iBsa«^:  ahotild 

(tf )  By  pusix^  a  cvreat  of  0ul^hiU««|e(til^#o|2(iK  M^  a  Viludoit  oC 
the  sulphite. 


4$tt  in  ducii  a  poiat.  I  therefore  subjoia  an  abstract 
of  its  properties,  from  the  paper  which  appeared  in 
March  last  ia  the  Annales  de  Chimie,  vol.  x.  p.  312. « 
I  m^y  add,  that  the  discovery  pf  this  acid  vei;y;much 
strengthens  the  arsumeht  in  favour  of  the  existence 
of  the  liyposulphurous;^  filthougk  ^r.  Thomson  is  of 
opinion  that  ^^  in  chemistf^  analogies  are  .^Iways 
dangerqus,  and  g^ij(J^^l^v  |iii^leadi.^*-r'l^^^teni  of  Che- 
mistry, vol.  ii.  p^  684.  5th  e^tion. , , '     ,,       , ,,  .     .; 

*  •»     » 

On  a  new  Acid^/ormect  by  Sulphur  and  (jxvjten. 
By  M.  M*  WfiMER  and  ©ftfr  Lbssfitfc.  ^w/r^rfy 

ii-      '1     ti-     :'   '  '  '■*  y^iv,*  t.    .'   • 

-  The  aathors  propose  Id  nffmel  t|i»^n44'  acid,  the 
hypo$ulpkuriey  by  analogy  ^^lAnf he  hyposulphurb^j 
to  denote  .that  it  contains  les^  ^ifyfy^n^^taiw  sulphuric 
acid,  and  more  than  gulphurpus  a<lidl  ^its^  «ah8  *6f 
course  must  be  denofliinated'*A^jMfm49ilizir».'^  H]f|Sio- 
Bulphuric  acid  is  obtained  by  p&ssing  im^huhy^  add 
gas  into  water  holding  peroxide  ef  maji^ndbe'tn  svrib- 
pension.  Neutral  sulphate,  and  HfpMtAphmi^t^kn^ 
gnnese  are  formed.  Barya  iratey^is  ttMln^  «d%et)ld4fod 
in  ej^cess,  which  will  debompoatf^the^fiiiiH^ibfinltitoga- 
nese,  the  sulphate  of  barya  falling  down,  Wiirll^fi^lie 
hypo^ulphate  vemanDs  in  sokAioa/'  ^hi^  ^^M^  of 
barya  is  next  to  be  separatedUi^a  tiiihfel^i>HiHmi§/k 
acid  gas,  and 'the  tolutiow  bdafed  t^%jlfp^^(d  ikf^l^ 
carbonic  acid.  It  now  cohtaidd  alf!f  ^h^^dMl^lM^of 
barya, .  (with  i>erhaps  a  small'  |fortfdrt^bP'%i*ftiMft(iH 
salt,  since  tfai  ores  6t  manganl^se  %i^«^%^di]$  <{tti^e 
free  from  lime)  and  the  salt  may  be  obtained  perfectly 
pure  by  evaporating  and  crystallizing^::  Tlii»^don^, 

SB 
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redissolve  the  hyposulphate^  and  addj^  rery  cautioosl j, 
siilphuric  acid,  to  the  exact  point  of  8atm|ition,  bj 
which  means  the  salt  will  be  decomposed,  and  its  acid 
obtained  free. 

Hjposulphurie  acid  is  inodorous,  even  in  its  most 
concentrated  state.  Its  flavour  is  decidedly  acid. 
It  does  not  appear  to  be  capable  of  existing  in  the 
gaseous  form:  exposed  to  a  vacuum  wit|i  sulphuric 
acid  at  the  temperature  of  ^O^it  is  coiicentrated,  with- 
out being  perceptibly  volatilized.  When  its  density 
amounts  to  1.347  it  begilis  to  decompose,  sulphurous 
acid  exhales  from  it,  and  it  then  contains  sulphuric 
acid. 

*  '  Heat  at  first  expels  only  pure  water  from  the  diluted 
acid,  but  sulphurous  acid  also  soon  begins  to  rise,  and 
sulphuric  acid  to  be  formed.    The  heat  of  boiliiig 

,  iwater  is  sufficient  to  produce   this   decomposition. 
Chlorine,  strong  nitric  acid,  and  the  red  sulphate  of 

.  manganese,  produce  no  change  on  it  whilst  cold.  It 
forqpia  neutral  soluble  salts  with  barya,  strontia,  lime, 

,;  oxide  of  lead,  ai^d  probably  with  all  the  other  bases. 
It  dissolves  zinc,  and  the  solution  is  attended  with  the 
evolution  of  hydrogen,  but  the  acid  is  not  decomposed. 
Af^  M.  Gay  Lussac  and  W^lt^r,  could  not  obtain 

.  hyposulphuric  acid,  by  acting  on  the  peroxides  of 
baryum  or  lead  by  sulphurous  acid^.ajlthougb  their 
composition  is  analogous  to  that  of  the  peroxide  of 
manganese. 

The  hyposulphates  are  very  permanent  at  low  tem« 
peratures,  but  are  decomposed  by  a  moderate  heat, 
and  sulphnrous  and  sulphuric  acids  84*0  |tt-oduced. 
They  are  not  altered  by  cold  diluted  sulphuric  acid^ 
but  if  the  mixture  be  heated,  or  the  acid  concentrated, 


svilflb\xt6\is  acid  is  liDmediately  disengaged. '  Sottitions 
of  the  liyposulpbates  are  not  altered  by  exposure  to 
the  air,  at  lea^t  the  change  is  effected  very  sI6w1jl 

Hjposulphate  of  barya  crystallizes  in  V^Uiant 
quadrangular  prisms  terminated  by  a  great  number  of 
fiicettes ;  it  is  solut>Ie  in  about  seven  or  eight  parts  of 
water  at  47^  Chlorine  effiscts  no  change  in  the  solu- 
tion. The  salt  decrepitates  strongly,  and  is  decom« 
po$ed  by  a  moderate  beat. 

The  form  of  the  €;ry&tal  pf  hyposulphate  of  potassa^ 
is  a  cylindrical  icyUndroi^)  prism,  tevmipated  by  a 
plane,  perpendicular  to  its  axis. 

Hyposulphate  of  lime  crystaUises  in  regular  hexago* 
nal  plates.  «    . 

The  crystals  cf  hyposulphate  <lf  strontia  are  very 
■malL  Their  form  appears  to  be  that  of  hexaedrsJi 
plates,  whose  alternate  edges  at^  inclined  in  conti^ry 
directions,  as  would  result  from  the  section  of  an 
octohedron,  parallel  to  two  of  its  opposite  fiices.  •  * 

The  analysis  of  hyposulphuric  add  was  effected  by 
means  of  the  hyposulphate  of  barya.  100  partd  of 
this  salt,  well  dried,  lost  by  calcination  S9.903  parts, 
and  70.097  of  sdlphate  of  baiya  wei'e  left.  Odier 
100  parts  of ihe  same  salt,  being  mixed  with  efaloi^te 
and  catbbnate  'of  potassa,  and  heated  red  in  a  |)latioa 
crucible^  gf^e  by  precipitation  with  chloride  of  ba« 
ryum,  1S8.3  of  sulphate  of  barya. 

These  numbers  are  nearly  as  1:!^;  the  difleience 
not  being  greater  than  may  be  ascribed  to  unavoid- 
able loss  ifi  the  washings,  &c. 

S  £  S 
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The  cqnivaleDt^for  sulphuric  acid  is    .    «.«i37.S 
*  sulphurous  acjd  -  •    •  '  3Q. 

barya 72.75 

i'  - "     .  

140.25 

.V    *   ;  I         J        '  i  \  .'        .'  »  f     *  ♦  ,  I      f  / 

•4  Supposing  a  cimipouiid  coaistitilteA.as  aiMVve,  to 
p«t  ^rkh  its  sulphurous  acid  byicsloinatiofi,,  100 
parls  would  kee  »lJ3S,hatM0  «C4h0  tsal|  lo^t  99i90S^ 
they  containthenaforeSifi  parts  of  water«  An  atom 
of  water  weighs  •S^;  if  we  conceive  tbe>hypo8tiIphatcl 
of  barya  to.  cootain  two  proporiaens  of  watery  it^ 
equivalent  number  will  be  (140.S5 -f-  17)  157.25, 
and  supposing  it  to  lose  47  in  water  and  sulphurous 
acid  by  calcination,  100  parts  would  lose  29.89,  aild 
consequently  leave  70.11  of  sulphate  of  barya,  instead 
of  70.097. 

l^h^  composition  of  the  salt  may  therefore  be  stated 
as  follows : 

1  atom  of  barya     • 72.75 

1  of  sulphuric  acfd      .     .     .  37.5 

1  of  sulphurous  acid         .     .  SO. 

2  of  water 17. 

157.25 


^ 


Or      1  atom  6f  barya     ......    72.75 

1  of  hyposulph uric  acid    •     •     67.5 

2  of  water     ....     ^     .     17. 

ld7.S5 


I       •  . 
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And  the  composition  of  hyposulphuric  acid  must  be, 
^  3  vatofiis  of  sulphur     .     .     .     .  -.'   SO;'       ' 

B  odifiiygeti      -    .    .    .    .    37.5 

'   ■  ■■ 
.-And  its  equivalent  number       .     •     67.5 

Thus,  adds  M.  Gay  Lussac,  we  have  an  acid  whose 
salts  realain  i^»tha •state  ^of  neutral  8ulplHiti|%'by 
losihg  oii0fpiio|xxrtiQki  M  aulphurou^ •  acid  ^  itvumtwiis 
4he  same  iprbpofftiokiaie  quantity  of  Bulpbur  <a8  liypo* 
sulphiuraus  acid,  and  twioejand  a»hAlf>as<muoh«acygan. 
Thesb  two  acids  must  be  oonsidered-'to  formings  a 
separate. groupe  amongst  the^acids  of  sulphur  ;»iiul* 
phurous  and  sulphuric  acids  iwill  form  the  •  other* 
This  distinction  is  necessary^  since  the  qiiairtity  of 
sulphur  in  each  of  these  groupes  is  different,  aifd 
their  eompositioo  cannot  be  expressed  by  titer  tonns 
of  the  same  series.  The  salts  of  each  group^^  'ha>ve 
also  much  greater  relation  to  one  another^,  than  .tl^ey 
have  to  those  of  the  other  groupe. 


Collecting  in  one  view,  the  differ^p^  ^f}}!i^.  farmed 
by  sulphur  and  oxygeui  their  c^mi^osjtion  is  ^ s  fol* 

HypoBulpburous  acid  contains  2  atoms  of  sy{p)MiT  -^  2o{  oo^gcn 
Hyposulphuric  -        -        2        •        -        -+5 

SuIphujQOus  ^ .-  --l----^-2 

Sulphuric  '*  -        -         1         -        -        --J-S 

Or  takiQg  the  sulphur  as  the  foq^tfi^t  quantity,  the 
oxygen  c<^bines  w^^  it  in  the  foUpijFing  proportions : 
1;  S;  3.5{;  3*  In  conclusion,  we  may  state  that 
hyposulphurous  acid  is  distinguished  from  all  the 
other  acidd  df  sulphur  :-^ 


ASS  AVPBKDIS. 

1.    By  being  converted  into  sulpburous  and  -gul-i 
phuric  acids  by  heat. 

S.   By  fof ming  solMle  salts  Witb  barya,  strbntia, 
lime^  lead,  and  silver. 


I .   { 


^he  cbaracters  of  the  hyposul^^hates  ar^^ 

I,  Th^  i^re  fdl  soluble.    ^  , 

9i  Acids  do  not  difien^gage  mnlplrarous  acid  firon 
their  solutions,  mnless  the  mixture  heat  spon-( 
ianeomly,'  or  be  expbsed  to  <heat. 

i).'  They  give  ofT  sulphurous  acid,  at  high  iempem- 
'tuies,  and  are  converted  into  sulphatte. 


>'.• »    <■, 


It*.  I  #  t 


t 

.      .It         * 

.  r 


in      «      I 

I 
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Hgfpqsuljphurom  Acid,, 

Mr.  Herschel,  in  a'  yerjr  elaborate  paper  on  this 
subject,  which  appeared  in  the  first  number .  of  the. 
Edinburgh  Philosophical  Journal,  for  June,  ISl^t 
has  confirmed  IM.  M.  Gay  Lussac  and  Welter^s  estir 
Mate  of  the  composition  of  this  acid,  which  he  proves, 
bbthf  from  experiment,  and  from  calcul^tioni  to  be 
formed  of  one  atom  of  sulphur  15  -f-  one  of  oxygen 
7.5.5SS  83.5 ;  but  in  combination  with  bases,  f^n^ng 
hyposulphites,  two  atoms  of  t|ie  a<;i(if  Q.re  aly^ys  com- 
bined with  one  of  the  base;  thiis  hyposulphite  of4ime 
consists  of 

Lime  (1  atom)    .    •    =  26.5 
Acid  (8  S.  +  S  O)  .    z=  45. 


71.5 


Mr.  Herschel  has  not  been  much  more  successful 
than  former  experimenters  in  his  attempts  to  obtain 
the  hyposulphurous  acid  in  an  insulated  state,  but  he 
gives  a  very  full  description  of  many  of  its  salts. 
The  hyposulphites  are,  for  the  most  part,  very  soluble 
in  water,  and  the  solutions  have  usually  either  an 
intensely  bitter,  or  an  intensely  sweet  taste.  They 
are  decomposed  at  a  heat  below  redness;  sulphur 
separates  and  a  sulphite  or  sulphuret  of  the  base 
remains.  Chlorine  and  ni(ric  acid  separate  sulphur, 
and  convert  them  into  sulphates.  They  are  decom- 
posed by  all  the  acids,  except  the  carbonic,  and  per? 
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hapsLoqi^  eii>ttaD^i»f  tt^othfir  kss  poverfisl  om8« 
Thejli;3P09iilp{iilw>ppectpitat»6  lead^m  it8"6oliiticiii% 
in  tb^ibini  d£ajibhite;|>owdte,:qirliidp  is  thr^|K>8ulplike 

Ok3nqitrpt0.(fir*^iM<nil^)  sTisilvary  nod  piilnt4  of 
nierQi;evi^)drdpp*dliin  «sn»s9^iKl;cn(ftr(jdilirta.i^ki/tion  o€ 
any  J^oiiil^hkt^^  gm  alpnoeipitfeitie  of  fiiefr  xespectfve 
metidU'fh  the'Btate!bfjdtKl}dnirats.>J('>n'  lir  i« 

8amrioaUafn<g;^n  >fiDlie'''sait»>)'af  raaBgaiiese^  iimi/  ztne^ 
copp«iipanflkIii8j  i^t^tmnt  {nrecipitat&dvi;      >    o 

N4trat(^fic>ff )9ilelvpD39  f  j|p  feLt^irefy  flelieate  ile^  <^  the 
presencetttfufljrposiilptMitoiis;  acid;  Witii  ^  solution 
contaiiiiiTg-iY'^^tsdtil '^f'ite  .  wdght  xif^  thf  Wid,  it 
in]ni«fliBtbIjri«tnkl95  ^a'deep  broifn,  and  nbeo  only 
^  ^^^'fli|/^h»is»(pwfeagiity^>it>op»lesce8  on  a  few  minute» 
standlifgii  -'^  •    ■    • 

Tlittddecompositton  of  nitrate  of  silrer  by  hypo* 
sulphites  to^'liibe,  is  thus  ^explained  , by  Mr.  HerscheL 
Hypdmlpbftei  of  limet  cdntiutns   (as  stated  above)   1 
atonrlofnlttne  ^  S  aitoafs  of  >  hyposulpburous  acid,  or 
Ssulphar-|!^'!&oxy^ili<  Nitrate  of  silvtsr  contains  1 
atom'm^etaeid^ii-  1  dtM  of  okide  of  silver,  or  I 
siIvefIi«|«i)IiLoitfy^«iil  ^ndniMlidqpgtlfei  solutions,  the 
aton|f9Edbnbirie^fid»4:amiAne9  #ith  itb^  atom  of  lime, 
and  ifor;^^aqat^  ^f^nitfilto^of  lime.  ''(Mfiatom  of 
sulphib'  '(biinbiiiJbs  ^th^tite  atom  of  silvery  4q  feritv  sul-^ 
phuret  of  silver,  and  the  other  atom: jifsrfpKwir}  unites 
with^  A^iflft^  iitmn«  •'>t^i03iygttw,  »{nanfelyt-  two|  fl-oni  i 
the  hyposulphurous  acid,  and  one&dttl  the>Wtitte  of 
silvgr),:iftnA^fdf^s  r'On^f  tttcimT'of  ifWi^is«dghdriG  Wd, 
who0i!O^l^ifi6i^Ii6^ftttnife^ibyfthe7&ri^^  3Ui« 

phat««<4^)>^iif ^ni^cQtigkifaarytfo  sbl«4  ^     :^ 


'J. 
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One  of  ilie  nioBt  s&igular  characfers^if'  the  te^qfXK  : 
sulphites,  \a  the  propetty  their  soliiilioiid  jf^im^i^^t. 
dissolving  recently  ^tipitated  chloride  of  sflrep.n 
Hyposulphite  of  soda,  dissolves  it  with  great  facility^  ^^ 
and  in  large: quantity.'   The  solution  is  a4scoitipanied'  ^ 
by  a    ^^  sweetoess,  stirpaHlaiiiLg  even  that  q£  honey^/ 
and  diffusing  itself  4»^¥e0'FthQ) whole  BKmthund  fiiuoes^ 
without  any  disagreeable  o^> metallic  flavour*-'*   The- 
solution  k  at  first  colottrlellss,  b«it  by  standing  beeomesr 
coloured,   «nd  depoartB'  a*  brown  seditnent,   whith. 
takes  place  more^  slowly,  cor  not  at  all,  if  the  ^boIun, 
tion  be  very  dilute^    It  is  not  precipitatedvby  am#': 
monia,  hop- its  carbonate,;  nor  by  the  carbonatei of 
prussiate  of  potassa;   but*  pure  potassa  ^casion»far 
copious  precipitate  of  small  pearly  scales,  similar  to: 
boracic  aeid,  of  a  grey  colour,  which  are  hyposulphi^ 
of  silver  and  potassa.    Hydrochloric  acid  at  first  giv€9 
no  precipitate  with  the  solution,    (unless  in  very' 
copious  excess),  but  on  long  staading,  chloride  of: 
silver  falls  down.     The  neutral  hydrocblorates  prcK, 
duce  no  effect.    Alcohol  precipitates  it  in  an  intensely, 
sweet  syrnp.      JZinc  throws  down  the  silver  in  ji    . 
pnetallic  state.    Chloride  of  lead  is  also  soluble  inr. 
solutions  of  the  hyposuitpbitos,  but  kss  abunda^tlyv 
than  chloride  oft  silver^  ;  Aceoirding  to  Mr.  Herschel^^r  ^ 
the  hyposulphites  arei  best  .Ibltned^    by  passing  a 
current  o£aulphur«Mi3  acid  gas  into  solutions  of  the 
respective  bydtpbulphurets. 

The  hyposulphites,  of  bar^%  lead,  and  silver,  are 
salts  of:li^e'^oUibUityit     , 

u  Wheniib|rpteulphite.  of  barya  is  Jieated.  on  a 
plati«9.;fittl^,it]  iti  tkroiiv  inio^  a  iiiingularagitetjloib 
and  seems  enveloped-  iii»a:  kind  ^pC  fofoxaused  b)^  ita 
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own.diist,  thrown  up  in  an  infinite  number  of  minute 
exptosidns!  It  takes  fire  at  a  very  low  heat,  and  sul- 
phur bui-ns  oflfl" 

In  order  to  form  hyposulphite  of  alumina,  Mr. 
Iler^chel  mixed  oxalate  of  alumina  with  hyposulphite 
of  Iiine^  but  to  his  surprise,  though,  both  the  solutions 
were  perfectly  neutral,  not  the  slightest  cloud  was 
pro4uced.  The  same  phenomenon  takes* 'place  witK 
the  hydrochlorate  and  nitrate' of  lime. 

'^  A  singular  suspension  of  one  of  Hbe  strongest 
chemical  ^flSnities.*"  ,  "" 

v(p^d^n)[^f)ro;h  Philosophical  Journal,  June,  1819.) 


ft.,.  .,. 

f;  iiu;« 


11 


(I  . 


•     I 


il' 
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Eusih  9f  ik9^  tbree  following  Tables  is  divi^jed  kto 
fiv9  heads,  apd  every,  h^ad  into  three  fqlumns.  1/he 
first  head  contains  the  uncompounded  su^stance^,  the 
seoond  oxygen^  the  third  chlorine^  the  fourth  iodme^ 
and  the  fifth  ^ulpl^^r,;  except  in  tl^e. first  table,  wher^^ 
the  fifth  head. is  devoted  to  hydrogen.  The  first, 
column  of  the  firsit  head  gi%es  the  proportional  number 
c^r  weight  of  ^b  atpxfi  of  t|ie  simple  substance  which 
stands  opposite  to  it  in  the  second  column..  The 
third  column  contains  the  number  of  atoms  of  the 

•■""  .1'!'.  •'* 

same  substance,  which  combining  with  one  (^r  more 
atoms  of  the  substance  contained  in  one  of  the  other 
four  heads,  forms  the  compound  nam^d  in  the  middle 
column  of  that  head,  the  number  in  the  preceding 
column  denoting  the  number  of  atoms  combining 
with  the  simple  substance,  and  that  in  the  column 
immediately  following  it,  the  weight  of  the  com* 
pound  atom.  Thus,  1  atom  of  baryum  -^  1  atom  of 
oxygen,  forms  one  atom  of  barya,  the  weight  of 
whose  atom  is  (65  -|-  7.5}  73.5;  and  1  atom  of  ba- 
ryum -<|-  1  of  chlorine,  forms  chloride  of  baryum 
5=  98.5.  1  of  baryum  -|-  1  of  iodine  rrz  1  of  iodide 
of  baryum  =  182.75,  and  1  of  baryum  -{-  1  of  sul- 
phur forms  1  of  sulphuret  of  baryum  whose  atom 
weighs  80. 

When  no  compound  is  named  in  the  column  im- 
mediately following  the  number  of  combining  atoms, 
t£ie  eye  must  be  carried  along  in  the  same  line  to  the 
succeeding  columns,  in  one  of  which,  another  num* 
ber,  denoting  some  other  combining  atom  or  atoms 
will  be  found,  and  opposite  to  it,  the  name  of  the 
substance  formed  (which  in  this  case  must  have  three 
elements)  and  its  number.  Thus,  1  atom  of  baryum 
-f-  6  atoms  of  pxygen  -f-  1  atom  of  chlorine,  forms 


chlorate  of  barya  ==:  143.5.  And  again,  1  of  ba-* 
ryum  -f-  4  of  oxygen,  -)-  1  of  sulphur,  forms  sulphate 
of  barya  =  110.  That  is,  in  the  first  instance,  1. 
atom  of  barya  =  72.5  unites  with  1  of  chloric  acid, 
zzn  tl,  and  in  the  second  1  of  barya  78.5  combines 
with  one  of  sulphuric  acid  z=:  37.5. 

By  referring  to  the  composition  of  the  oxide,  and 
of  the  acid,  (which  will  be  found  in  the  first  table) 
the  nature  of  any  triple  combination  will  easily  be: 
inferred. 

A  quantity  of  any  acid, , equal  to  the  weight  of  ita 
atom,  plus  a  quantity  of  base,  containing  7.5  of  oxy- 
gen, forms  a  neutral  salt  For  neutral  ammoniacal 
salts,  instead  of  a  base  containing  7.5  oxygen,  takS' 
16.15  ammonia. 


Simple  Substances. 


Weight 
of  an 
atoo). 


.7.5 

SS.5 


117.75 
]. 

13.15 


15. 


11.5 


6.7 


5. 
97.43 


15. 

1^.5 

SO, 

SO. 

11. 


S4.59 


S7.5 


Chlorine 

it         .    . < 


No.  of 
atoms 
com- 
bining. 


lodine     -    - 
Hydrogen   - 


Azpte  -    - 


V 


Sufphnr  •" 


Phosphorus' 


Carbon    - 


> 


Boron     -    - 
Selenium  -  - 


Silicium  •  • 
Aluminium  - 
Glucinium  - 
Yttrium  -  - 
Magnesium* 


Zirconium  - 


Thorinium  • 
Potassium    • 


'  r 
1 
1 
1 
1 
1 
1 
1 

}■• 

1 
1 
1 
1 

1 

I 
1 

% 

1 


Oxygen,  7.5._ 


No.  of 
atoms 
com- 
bining 


1   Ibxi 


Compound 
farmed. 


'' ■'.<,!    \\ 


I 
1 
2 

a 

1 

1 


1 
1 
1 
1 
1 


1 
1 


1 
1 


5 

7 

"  »■ 

5 
1 

i  1 

S 
4 
5 


2 

S 
9 
5 
1 
1 


1 

2 


1 

2 

2 


S 
1 
1 
1 
1 


I 
3 


i 

6 


D^t.  ox4QhJor. 
Chloric  acid   -    - 


xidlt  bl  CiiI6ri«e  ^  -|m  .i  n  u  |(>f 


Perchlorie  acM  ^<     ^hiu 


•         t         -1 
Iodic  acid       -     ^^ 
Water  •,    »  :  - 
Deulox.  of  Hydro. 
Oxide  of  Aeote  ^ 
Peiito$ide  of Azot^ 
Pernitrdus  Acid  - 
Nitrous  Acid  * »    * 
Nitric  Acid    •    • 


^1 
Sulphurous  Acid 
feulpfidHt  Acii  - 
Hypcxi^lwrQsis^ 
Hyposulphuric  A. 
Oxide  of  Pho8^h6l 

PhosphorQU%^9wJi;(l%}  ;, 


Phosphoric  Acid 

Oxide  of  Carbon 
Carbonic  Acid    - 


Weight 
of  com- 
pound 
atom.  - 


t: 


(T 


emarks* 


5^ 


to 


lS5.^J  -  ^ 

S5.65 
■4S>|6  >fr 

5%W, 


if 


.  80. 
67.5 


17  (=s  2  water} 
uid  nitric  acid. 


Boracic  Acid 
Selenic  acid  >  «•    •> 


Silica    -    -  •  . 

.Alumina    -  -  . 

Glucina     .  •  • 

Yttria  -    -  -  . 

Magnesia  •  •  . 


Zircona    •    •    • 


Potassa  •  •'  . 
Peroxide  of  Pot- 
assium    -    - 


26.5 

13.2 
2a7 


>  (=  I  water) 
^huric  acid. 


SO. 
52.43 


SO. 

24. 

27.5 

373 

18.5 


42.19 
45. 


>rous  acid  i=:  38 
I  water)  =  hy- 
rousacid=r46.5* 
orous  -^  1  suU 
>huret  of  phos-« 
38. 

+  1  azote  zz 
24.4. 

tn  +  1  chlorine , 
nic  acid =57.9. 
D  +  1  hydrogen 
lie  acid  =  25.4. 
■f-  2  sulphur  = 
carbon  =  85.7. 

=  2  water)  =- 
c  acid  :=  37. 

mum  -^  ]  hy* 
.43  selenuretted 


I 


e^  -|-  S4.5  hy. 
id  =  52  hydro* 
Uj^nesia. 

Bsia-f  37J5sul- 
=  56  sulphate 


[=  1  water)  3c 
of  potassa. 

-(-  34.5,hy- 
acid=79.Shy- 
-  of  potassa. 


+  118.76  hy. 
=  168.75  hy- 

**wHa( 


■*!■ 


I 
i 


I 

f 

i 


\ 
f 

I 

I 


.         » 


k 


■it 


Simple  SttbstaBcet;          1 

a 

Oxygen^  7.5. 

^ 

rks.       . 

Weight 
of  ail 
atom. 

Ho.  of 
atoms 
com- 
bining. 

No.  of 
atoms 
com- 
bining. 

Compound 
•    formed. 

Weight 

of  com-' 

p«und 

atom. 

No.oi 
atoms 
com- 
bining 

37.5 

Potassium    - 

1 

3 

- 

SSL 

Sodium  -    - 

V 

4 
1 
6 

Soda     .... 

-                       »                       m 

29.5 

•     • 

4.   ^ 

*  m 

1 

1     34.5  hydro- 
:  64  hydro- 

10.31 

Lithium  -    - 

6' 

4 
1 

6 

"                       •                       • 

Lithia  •    .    •    « 

17J1 

m         m 
-      \ 

--  .  118.7i>  hyi 
:  148.25  hy. 
I. 

1  (=  1  water) 
re  of  lithia. 

1  -34.5hydro- 
52.31  hydro- 

la. 

€ 

• 

•»         '«> 

-.  p  1 18.75  hy* 
:  136.56  hy< 
ia.. 

65. 

Barymn  •    - 

4 
1 

Barya        •    .    '• 

72.5 

m  m 

1  =:  hydrate  of 

*    44.5 

Stfontium    - 

- 

2 
6 

6 

4 
1 

Perox.  of  Baryum 
Strontia     ... 

80. 
52. 

1  =107  hydro, 
jra. 

--  To —191.55 

arya. 

1  60.5  hydrate 

19. 

1     V 

Calcium  -    - 

6 

6 

4 
1 

*                           «■                           M 

Lime    .... 

m          m 

m          m 
\ 

■i           • 

26.5 

I  ;  86.5  hydro* 
ntia. 
-.53=  170.7& 
rrontia.^ 

1  ;  35  hydrate 

" 

6 

. 

-     - 

1=?  61  hydro- 

5S.5 

Manganese  - 

6 

4 
1 

•         •■         te 
Ox.  of  Manganese 

61.  '  • 

.  .  75  =  145.25 
me. 

m  m 

1    1  water)  =r 
3f  oxide  of 

33. 

• 

Zinc       -    - 

■ 

2 

4 

4 
1 

Deutox.  of  Manga. 
Peroxide   •    -    • 

Oxide  of  Zinc     - 

68.5 
83.5    ' 

40.5 

•  •  ^S.5  hydro* 
iganese. 

1  =75.0  hydro. 

52. 

Irofi  -    •    . 

4 
2 

Oxide  of  Iron 

67. 

we 

,2    136  hydro. 

» 

/ 

,3 
8 

Peroxide  of  Iron  - 

74.5 

1. 
3  5=178  hy- 

peroxide  of 

•  • 

55. 

Tin   -    -    . 

1  - 

12 

1 

••                     •                     a 

Oxide  of  Tin       - 

62.5 

1  r=:97hyd)r^ 

# 

2 

Peroxide  of  Tin  • 

7a 

8  :  139  hydro- 
'oxide  of  tin. 

* 

simple  Substaneet; 


Weight 
"   ofan 
atom. 


37^ 


10.31 


65. 


445 


19. 


53.5 


33. 
52. 


55. 


Oiygetkf  7JL 


Baiyiun  •    • 


Stfontium   - 


Calcium  -    - 


Manganese  - 


Zinc 
Irofi  - 


Tin   -    -    . 


4 
1 

6 
6 


4 
1 

2 
6 


4 
1 

6 

6 

4 
1 

6 

6 

4 
1 

2 


4 
1 

4 
2 


8 
12 

1 

2 


Soda     •    •    •    . 


Compound 
formed. 


Lithia  •    •    • 


Weight 

ofeom 

peund 

atom. 


I 


rkf. 


29.5 


17J1 


Barya        •    .    '• 
Perox.  of  Baryum 


Strontia     -    - 


Lime    •    -    -    . 


72.5 
80. 


52. 


26.5 


Ox.  of  Manganese 

Deutox.  of  Manga. 
Peroxide   -    •    « 

Oxide  of  Zinc     - 

Oxide  of  Iron 
Peroxide  of  Iron  • 


Oxide  of  Tin 
Peroxide  of  Tin 


61. 


68.5 
83.5 


40.5 

m 

67. 
74.5 


62.5 

7a 


atoms 
com- 
bining 


■v 


1 

1  34.5  hydro- 
:  64  hydro- 
a.  ' 

--  .  II8.7JJ  hyi 
:  148.25  hy- 
I. 

I  (=  1  water) 

te  of  lithia. 
1  •34.5hydro- 

52.31  hydro- 

ia, 
-.  [-'118.75  hy- 

:  136.56  hy- 

ia. 

1  c  hydrate  of 


1  t:  107  hydro* 

--  r5=rlgn.25 

Brya. 

1  ^0.5  hydrate 

1  ^86.5  hydro- 
titia. 
.-  6  =  170.7& 
trontia.. 

1  t;  35  hydrate 

1  t^  61  hydro- 

^^t5=z  145.25 

me. 

1    1  water)  =r 
9f   oxide  of 


.  •  ^5^  hydro* 
Iganese* 

>  m    > 

1  c  75.0  hydro- 

^ 

,2     136  hydro- 

I. 
S  5  ==  178  hy. 
peroxide  of 


1  c=97hyd^^ 

8  ;  189  hydro- 
roxide  of  tin. 


1 

■ 


fimple  Substancet* 


Weight 
of  an 
atom. 


44. 
44. 

S8^ 

90. 

IS9. 
46. 

€01 

4S. 

135. 

€6.5 
CO. 


97. 
S8. 

«7. 


isa 


102^ 

K.5 
II2.5 


92. 

97. 
45? 


Arsenic  -    - 
Molybdena  - 

Chromium  - 
Tungsten    • 


Columbium- 

AntimoDjT  • 

Uranium  «> 

Cerium 

Cobalt    -  - 

Titanium  - 

Bismuth  •  - 

Copper  -  • 


Tellurium 
Cadmium 
Nickel    . 

Lead-    - 


Mercury     • 


Osmium-  - 

Silver     -  • 

Palladium  * 

Rhodium  - 


Platina  -    - 


Gold. 
Irillium 


No.  of 

atoms 

com* 

bining. 


IMo.  of 
atoms 
com- 

biniiig, 


Oxygen,  '7.5. 


2 
3 
I 

2 
3 
1 

2 

5 
1 
I 
8 
1 
8 
2 
2 
1 
2 
1 
1 
1 


8 
I 

1 
1 

4 
1 
8 

2 
4 
1 
2 

4 

1 

4 
1 
] 
2 
3 
1 


Arsenious  Acid    - 
Arsenic  Acid 
Oxi.  of  Molvbdeuvi 
Deutox.  of  Moiyb. 
Molybdic  Acid    - 
Oxide  of  Chromium 
Chromic  Acid 
Brown    Oxide    of 
Tun^ten    •    - 
Tungstic  Acid     - 
Oxide  of  Columbi. 
Antimonious  Acid 
Antxmonic  Acid  - 
Oxide  of  Urauium 
Peroxide  of  Uran. 
Oxide  of  Cerium  • 
Peroxideof  Cerium 
Oxide  of  Cobalt  - 
Peroxide  of  Cobalt 
Oxide^of  Titanium 
Oxide  of  Bismuth 
Oxide  of  Copper 


Compound 
formed. 


Per6xideof  Copper 


OxideofTellurium 
Oxide  of  Cadmium 
Oxide  of  Nickel  - 

"         •         • 

Oxide  of  Lead     • 
Deutoxide  of  Lead 
Peroxide  of  Lead 

Oxide  of  Mercury 
Peroxide  of  Mer. 


Oxide  of  Silver    - 

Oxideof  Palladium 
Oxide  of  Rhodium 
Deutoxide  of  Rho. 
Peroxide  of  Rhod. 
Oxideof  Plathia- 

Oxide  of  Gold     -. 


I 


W  eigne 
of  com- 
pound 
atom. 


59. 

87.5 

51.5 

59. 

66.5 

36. 

43.5 

105. 
112.5 
146.5 
52.5 
60. 
67.5 
75. 
101.2 
108.5 
50.5 
59. 
142.5 
74. 
67.5 


75. 


44.5 
90. 

35.5 

104.5 
216.5 
112. 

* 

197.5 
205. 


110. 

€0? 
120?  V 
i27.5? 
135? 

993 

104.5r 


No.  of 

atoms 

cohi* 

bining. 


2 


1     peroxide) 
|m  hydro* 
(4.5  sub- 
roxideof 


2 


L 
1 


1 
2 


omshy- 
=  144  hy- 
rox&t  of 


tma. 


*.' 


•    t 


I  , 


I  copy  the  following  Tables  of  the  Composition  of 

a  work 


i>6; 


TABULAR  VIE 

One  1 


WATERS, 


Gases. 


Azote  (Carbonic 


CI. 


<rSe1tzer 


-8 


Pyrmont 


Spa 


Carlsbad 


Acid  CI. 


Sulphu- 
retted 
Hydro- 
gen, C.  I. 


17, 


Pouges 


^Saint  Parize  -    -    - 


^Harrogate    -    -    - 


CO 


Moffi&t     .    -    -    • 


Aix  la  Chapelle 


0,8 


0,5 


26, 


Garb. 


Carbo- 
nate  of 
Soda, 
grains. 


Ca 
nai 

Maj  ^^ 
gnty. 


IS, 


5, 


30, 


22, 


'• 


2,3 


4, 


0,6 


l.« 


Cheltenham  Sulphur 
•    Spring  -    -    -    • 


^Seidlitz 


Cheltenham  pure  Sa- 
line -    -    -    -    - 


0) 

c 


Bristol 


Buxton    -    -    -    - 


Bath 


^  ;  Scarborough 
OB  ** 


Barege 


0,2 


Plombieres 


Kilburn 


Lemington  New  Bath 
'Lemington  Old  Bath 


0,4 


0,3 


^Tunbridge   - 


I 


^  J  Chehenham  Chaly^ 
Jt*\      beate 


Brighton 


0.59 


r  ■■■ 


1.5 


9,5 


1,2 


3,5 


.  A  trace 


..{ 


2^ 
2,^ 


5,5 


2,5 


uncertain 


8,5? 


A  trace 


ditto 


A  trace  of 
oxygen 


1,5 


5, 


10, 


12, 


2^ 


2,2 


}-- 


0,5 


..Jrande. 


Jrande. 


jande. 


S  P^ 


"     :    * » 


r 


1 1 


I 


I 


l!  ' 


h 


.-a 


ii  !» 


.-7.    -^    -if    ,        • 


r 


'^     T    ^. 


1.     "TT        i        ' 


*.■*■•<        -I 


a      • 

♦      • 
r      r 


I 

[ 


I 


jj. 

1      1. 

fabbbaah'^i-tSlapBbbhbi, 
M                      0^3    no 

1 

1 

iiinnn  iiriiMnni 

i^ 

llililSllill 

lli 

■s 

1 

r 

11 

i|i 

lilllilill 

lli 

i 

iiiiiiii'ii 

:;:isi; 

I 

X 

3s;:.S3i.i;5 

Li 

SP55.5 

1 

s 

llssiiiilii 

=1= 

lisliii 

-|s.„-s?ssas 

•?:;■?■ 

1,5,5:3 

fillillilli  ii=  iiHJil 
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TABLE 

OP  TH£  f  PECIFIC  GRAVITY  OF  QASEt  AND  YA 
AND  WEIGHT*   PER   100  CUBIC  INCHES. 

Thermooreter,  60*. — Barometer^  90  in.  


Substances. 


Atmospheric  a2r 

o^g«» 

Chlorine 

Hydirogen 

Hydruretof  Phosphorus  . 
^iliyjh'ii^r^t  of  Phosphorus... 
Arsenuretted  Hydrogen. . . . 

Telluretted  Hydrogen 

Potassiyetteil  Hydrogen 

SeUnuflptted  Hydrogen 

Hydruret  of  Carbon .«.^ 

Bmydruret  of  Carbon 

^xide 

hydruretted  Carbonic  Oxide 

Cyano^n^ 

Oxide  of  Chlorine 

Peutoxvde  of  Chlorine  .... 

Azot& 

Oxide  of 'Attor»^/7. .  *  y.iTi  . . . 
Deutoxid^  of  Azote .,.,.... 

Carbonic  Acid •  ■ 

Chlorocarbonic  Acid 

Sulphuroua  Acid 

Fluoboric  Acid 

Fluosilicic  Acid 

Hydrochloric  Acid 

Hydriodic  Acid,  t 

Sulphuretted  Hydrogen  .   . . 

Ammonia 

Vapour  of  Iodine 

Vapour  of  Carbon   

Nitrous  Acid  Vapour 

Hydrocyanic  Acid  Vapour  . 
Culorocyanic  Acid  Vapoar  . 

Steam . . 

Vapour  of  Sulphuret  of  Car- 
bon  

»*  ■■  ;    pf  Hydriodic  Ether . 

I  Qf  Sulphuric  Ether 

■  of  Hydrochloric  d' 

■»     ■       of  AosQlute  Alcohol. 


Specific 
Gravity. 


1.000 
1.106 
S47I3 
0.737 
0^114 
0.885d 
0.5552 


0.9816 
0^5680 
0.97S7 

0993 
I.8C64 
«^198 

8.343 
0.9705 
1.5SI7 

1.0.37 
1.5233 

8.48 
9.C1SI 
8.3709 
3.5735 
1.2725 

4.42^ 
1.1808 
0.5901 

8.695 
0.4178 
2.1856 
0.9385 
2. 1 373 
0.6285 

2X447 

6.4749 

2.586 

2.219 

1.6133 


Weight 
of  100 
Cub.  In. 


30.5 
83.733 
75.874 
2.25 
24.75 
27  000 
16.933 


8ai5 

17.3251 

29.7 

30.286 

55  095 

73,7856 

71.4375 

29.6 

46.4118 

31.6285 

46.575 

67.5 
72.312 

108.992 
38.8125 

Id3.593'7 
36. 
18. 

265.197 
12.7276 
65J358 
28  624 
65.1876 
....  I 


Rcnarkf. 


•^ 


Time  densities  were 
determined  by  M»  Oaj 
Lussac,  by  conTcrting  a 
^ven  weight  of  liquid 
into  vapour  over  mer- 
cury,at  the  temperature 
of  212''  Faht.and  under 
thebarometical  pressure 
of  29.91  inches,  and 
measuring  the  volume 
of  vapour  produced. ' 
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c  J.  «> 

•I -so 


«ii    A'    «rf 

^  >  ^ 


•      •      •      •      •    K      •   ^      *  • 

^  >  >  ^  ^  ^^  S:^^  &^ 
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FRENCH  WEIGHTS  AND  MEASURES. 


l.-— Measures  of  length,  the  metre  being  M  SSf,  uid 

.  the  foot  at  62°. 

9  * 

£dgUsh  incfies. 
Millimetre  .  .=  .03937 

Centimetre .  .=  .89)71 

Decimetre ..  .=  3.937  IQ 

Metre*       ,.=        39.37100    MiL        fur.        Yds.        Feet.       ta^ 
Decametre  ..^=      398.71000  =  0  0  10  2        9.7 

Hecatometre.=    8937.10000  =  0  0  109  1        1. 

Kilometre  ..,=  39371.00000  =  0  4  213'  1       10,2 

Myriometre  =393710.00000  =  6  1  156  0        €« 

2.— Measures  of  capacity. 

Cubic  inches. 
Miililitre . . .  .=  .06103 

Centilitre. ..  .=           .61028  English. 

Decilitre =          6.10280  Tons.  Hogs.  Wine.        C  PmtSir. 

Litre..  k.....=        61.02800=  0  0              0              2.I195 

De?aKtre..^=      610.28000=  0  0             2              5.135£ 

HecatGKtrc,..=    6102.80000=  0  O  26.419 

Kilolitre =  61028.00000=  1  0  12.19 

Myriolitre.-  =61O28QX)0OC0  =  10  1  58.9 


3.-^Measures  ^f  Weight.. 


English  grains 
Milligramme  ..=  .0154 

Centigramme 


Decigramme 
Gramme  ... 
Decagramme 


.1544 

1.5444  Avoir<liipois» 

15.4440  t'oun.         Oun.       Dniin!^ 

154.4402  =      0  0  6.65 


Hecatdgratfime  =    1544.4023      =      0  8  8.5 

Kilogromme.:.=  15444.0234      =      2  3  5. 

Myriogramme.  =154440.2344      =22  1  *'    ,       - 

(Henry's  Chemistry ,  8th  edit*  vol.  ii.  jp*.  ISO.) 


mm 


♦  Recently  determined  by  Captain  Kater  to  be  39,37079  i&chM.— 
(Phil.  Trans.  1818,  p.  109.)    Henry's  Chemistry,  voL  ii.  p.  580. 
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CORRESPONDENCE 

BKnrsEN 

JBI^GLISH  IMD  FOREIGN  WEIGHTS  and  MEASURES. 


WAMMBaMMMMMeai^MaiB 


l.-^Englisk  Weights  and  Measures* 

t 

TROY  WEIGHT. 

^undk         Ounc^  Drms.     Scruples.    Grains.        Grammes. 

t        =S        12        =        96  ,=    288    =    5760    fi=    372.96 
1        =  8    ==      24    =      480    =      31.08 

1     =;        3     =5        60    =        3.885 
1     =±:        20    =        1.2^ 

1    c=   .     0.06476 

AVOlKDtJPOIS  WEIGHT. 


Pound. 

i 

Oiuices.            Drms. 
^ar       16       =       256       = 
1       =         16       = 

1       as 

■                                                                                                                                                    0 

Grains. 
JOOO.           = 
*  437.5          c=: 
27.34375  = 

Grammes. 
453.25 
*28.d!l8 
.  1.7705 

.    MEASURES. 

* 

GaL 
1 

Pints*  .  Ounces*         Dms. 

=    8    =:       128    =      1024    =: 

1    =        16    =        128    = 

1    =            8    = 

1    = 

• 

Cub.  Inch. 

231.            = 

28.875      = 

1.8047    = 

a2256    = 

Litres. 

3.78515 

0.47S98 

0.02957 

0.00396 

M.B«— The  English  ale-gallon  contains  282  cubical  inches. 
The  wine-galloa  contains  58176  Troy  grains,  and  the  wine  pint  7279 
Troy  grains.  (Henry's  Chemistry,  8th  edit.  yol.  ii.^.  523.) 
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TABLE  to*  REDUaNG  tbb  DEGREES  ar  BAUME'S 
HYDROMETER  to  thk  COMMOJT  STANDARD. 


MmKVf*  Kl/iitomitvr  pyt  jfjiqvitb  Ugkttr  them  W&tfr. 

Temperature,  S5^  Fahrenheit,  or  10°  Reaumur. 


Deg. 

.Sp^ 

Deg. 

.  ''Si 

Beg. 

Sp.gr. 

Deg. 

Sp.gr. 

10 

•  liM 

18 

98 

•98 

S4 

847 

li 

990 

19 

935 

'87 

886 

35 

84S 

IS 

985 

SO 

928 

28 

8^0 

36 

•    RS7 

13 

-    977 

Si 

9BS 

29 

¥        874 

37 

8^ 

14 

970 

SS 

915 

30 

867 

58 

8«7 

14 

96% 

SS 

809 

91 

8«1 

89 

«   882 

K 

95S 

94 

908 

S3 

856 

40 

817 

17 

949 

S5 

897 

83 

85S 

m 

Baum^i  tijfdrometer  for  Liquids  header  than  Water ^ 

Temperature^  55"*,  Fatoenheiti  or  10*^  Reaumur. 


Dm;. 
0 

# 

9 
19 

n 

It 


Sp.gr. 

Deg. 

.  'm 

Deg. 

Sp.gr. 

IDeg, 

IXM 

21 

42 

•«  1.414  1  63 

1.0SO 

24 

.  ISOO 

45 

-   1.45ft 

66 

xk040 

fj 

-  1.880 

4^ 

.  IJiOO 

69 

1.064 

30 

-^     1.261 

51 

-  1.547 

72 

1.089 

33 

-   1.295 

54 

-  1.594 

1.114 

SO 

-  1.888 

Si 

-   1.659 

1.14Q 

n 

-  1.373 

60 

-  1.717 

S]j.gf. 
1.779 
1.849 
1.929^ 
S4)0O 


(Heotyk  eheniftr^,  Stb  edit.  toL  iL  p.  SU^) 


ms 


OF  THE  B0LVBILITr  0W  «ALTJ   t9   WATE|t« 


ITaiBM  of  Salti. 


Solubilitir  in  lOU  {ia«ts 
Water. 


At  560*/ 

At  tl2^. 

ACiBS 

L 

'  i 

Aneoic       .        •       • 

150; 

Benzoic       •        *        • 

•      '     •      ■     •      ■     • 

0J08 

*.17 

Boiscic  .      .        •        » 

•             •            •       ■      • 

' 

t. 

Cunphoric  •        •        • 

»    '    •         •         • 

IM 

8.3 

Citric           .        • 

A                      *                     S          ^          A 

188. 

900. 

Gatttc          .      . .        • 

BS 

88. 

Miicie         •       b        • 

0l84 

iM 

MolyMIc 

Oxauc         .        .        0     ' 

0.1 

5a 

100. 

Suberic        .        •       ,« 

••"*•• 

0.69 

501 

Succinic      •        •        • 

4. 

50. 

TM«ui6       •       -% 

v«fy  solable 

SALII1ABI.E  BA^ES. 

Barya         •       *       • 

5. 

50. 

crystallized 

57. 

ttBlimited 

LiflM                  4       • 

O.'S 

k      ' 

Potaua        .        • 

•           •           *           •    '' 

very  soltible 

Soda            •        .        i-    - 

•            »            » 

ditto 

Strontia       .        .        • 

• 

0.6 

.  cryitaiiized    • 

r 

50. 

1 

SALTS 

1 
• 

I 

AcMate  of  ammoaia 

very  eoluble 

barya 

ditto 

Uxne 

ditto 

ditto 

potasMi 

lOO. 

# 

soda 

vtty  totuUe 

V 

strontia 

*               •          *   •               • 

ilO. 

Carbonate  of  anrnionia 

•        ■       .               •               • 

•fso: 

loa 

barya 

insoluble* 

» 

lime 

ditto 

■ 

ihagnesta 

-4 

fi» 

potatea 

S5* 

83. 

soda       • 

60. 

4-100. 

Krontia 

bajdu^e 

w 

Cartphorate  of  anxfncnia 

1. 

SSi 

barya 

%\6 

lime  '• 

• 

0.5 

pOUSM 

•                                   «                                 •                                   • 

9S« 

-f   3S. 
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TABLE 

OF  TAB  80I.I;BILITT  OF  SALTS  UT  WATBB — Cot^med, 


■ 

Solubility  iD 

I  100  parts 

Name  of  Salter 

Water. 

At -60°. 

At  212% 

Citnre  of  ao6a, 

6Q. 

lime           ... 

»                 i 

k 

insoluble 

CUontte  of  barya 

» 

25. 

+   25. 

mercury 

1                 « 

»                i 

85,' 

potasia         .    . 

t                1 

6, 

40, 

soda              .  . 

35. 

+  35. 

HycUrochloraie  of  ammoma 

S3. 

100. 

barya      • 
lead 

* 

20, 
4.5 

+  «o- 

lime     .  « 

200. 

magae«ia 

'100, 

mercury 

fiw 

60. 

potassa    •   .    . 

'    33. 

niver  ,    • 

0.033 

soda 

35.42 

36.16 

stronti^  . 

150,         . 

unlimit^ 

Nitiate  of  ammoxu»         .  • 

50. 

200. 

barja  -       ;        «        . 

8^ 

25. 

lime           .    .    . 

400. 

• 

magnesia        .    . 

100. 

+  iQa 

potassa 

14^5 

100. 

804»              .          • 

33. 

+  100. 

strontia      •        • 

1        ^ 

100. 

200. 

Oxalate  of  strontia              • 

•        * 

a0526 

Phosphate  of  ammonia 

25. 

+  25. 

barya.         ,    . 

0. 

(k  . 

lime 

0. 

0. 

magnesia 

• 

6J6 

potassa       .   . 

• 

very  soluble 

soda       •    ,    . 

25. 

50. 

strontia 
Phosphite  of  ammonia      .    . 

•■^ 

0 

50, 

+  ^! 

barya          .   . 

0.25 

'  potassa        .   . 

3,3. 

+   33. 

^Iphate  of  aaunonia 

50. 

100. 

barya              . 

0.002 

copper        .    . 

?5. 

50. 

iron       / 

50. 

+  10O. 

.  lead 

0.0833 

V 

lime       •       • 

0.2 

0,2f 

magnesia 

100. 

133. 

potassa 

, 

i 

6.25  , 

20. 

sp4a        ,    .    . 

37, 

125. 

strontia 

1 

0. 

o.ot 
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TABLE 
Of*  THE  60L,XJBiiiiTYot  SALTS  IN  WATER — Continued. 


Solubility  in  100  parts  i 

Name  of  Salts. 

Water.               | 

At  60\  ' 

At2I2% 

Sulphite  of  ammonia    . 

100. 

lime          .  • 

0.125 

magnesia    •         .        . 

5. 

• 

potassa       • 

100. 

soda            •        .        » 

25, 

loo. 

jSaccholactate  of  potassa 

IS. 

soda            .        • 

20. 

Sub-borate  of  soda  (borax)          • 

8.4 

16.8 

Super-sulpJiate  of  alumine  &  pctass^  (alum)   { 

5. 

J  33. 

.  potassa 

50. 

+  100. 

Super-ozalate  of  potassa 

10. 

tartrate  of  potassa 

1.66 

3.33 

Tartrate  of  poussa 

25. 

and  soda            • 

20. 

• 

antimony  and  potassa 

6.6 

33.     .- 

Hcnry*s  Chemistry,  yol*  3,  f  •  552|  8.h  edition. 
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TABLE 

OF  SUBITAtreXf  SIOLtTBLB  iK  ALCO|f0t«« 


r'ai^li 


dU. 


Names  of  Substancflt. 


100  pant 
alcohol 
dissolve. 


• 


176* 

7.5 

176' 

46. 

do. 

S.75 

do. 

1.7 

do. 

SO. 

do. 

75. 

do. 

7. 

54.5* 

loa 

176' 

loo. 

176' 

100. 

do. 

100. 

do. 

547. 

88.9 

64.5' 

loa 

ne* 

89.3 

64  6* 

100. 

54.6* 

100. 

195. 

176* 

2.9 

do. 

41.7 

do. 

74. 

do. 

84.5 

3. 

0.04 

Acetate  of  copper 

toda 
Arsenate  of  potassa 

soda 
Bbracic  acid 
Camphor  , 

Hydrochlorate  of  ammonia 

alumina 
copper 
iron 
lime 

magnesia 
mercttry 
zinc 
Nitrate  qt  ammonia 
alumina 
cobatt 
lime 
.  potassa 
silver 
Succinic  acid  • 

Sugar,  refined  • 

Super-oxalate  of  potassa 
'i  artrat6  of  potassa 


Otier  iubstancc*  seluhU  in  AUoh^L'^Ml  the  acids«  except  the  sul- 
phuric, nitric,  and  chloric,  which  decompose  it,  and  the  phospho- 
ric, and  metallic  acids.  Potassa,  soda,  and  ammonia,  very  soluble 
soaps,  extract,  tan,  volatile  oils,  adepotcre,  resins,  urea. 

Substantes  ituoluhU^  »r  very  s^ringly  solitblt^  in  Alcohol.— ^EsLTthti  ph08« 
phoric  and  metallic  acids;  almost  all  sulphates  and  carbonates;  the 
nitrates  of  lead  and  mercury ;  the  .chlorides  of  lead,  silver,  and  soda  (the 
last  ^er  Cheneviz,  sparingly  soluble);  the  sub-borate  of  soda;  the 
tartrate  of  soda  and  potassa,  and  super-tartrate  of  potassa ;  fixed  oils  ;- 
wax;  starch;  gum^  caoutchouc;  woody  fibre;  gelatine;  albvlBttt^aad 
gluten.*'— (Henry's  Chemistry,  8th  edit.  vol.  2,  p.  552,  &c%) 


4ST 
!rABL£ 

OF   IireOMPATIBLE  SALTS  (^>* 


SALTS.  INCOMPATIBLE  WITH, 


..  Kxed  .UcUbe  .u,phat».  j  J^SS^^  S^uTffi 


ma^iKiia* 


CAlkalies, 
2.  Sulphate  of  lime.  i  Carbonate  of  magnesia, 

CHydrochlorate  of  barya, 

•r  Alkalies, 

'•  •  "'"•  •>  Nitrate,  liydrochlorati,  carboute  of  Vimt^ 

^Carbonate  of  magnesia. 

rAUafies, 

4.  Sulphate  of  magnesia*      }  H^r«irochIorate  of  barya, 

i^Nitrate  and  hydrochlorate  of  limtw 

CAlkalies, 

5.  Sulphate  of  iron.  <  Hyidrochlorate  of  barjt, 

^Earthy  carbonates. 

r  Sulphates,  , 

6.  Hydrochlorate  of  barya.  ^  Alkaline  carbonates, 

C^rthj  carbonates. 

r  Sulphates,  except  of  lime, 

7.  Hydrochlorate  of  lime.    •<  Alkaline  carbonates, 

CCixbo/Date  of  magnesia. 

■ 

rAlkaline  carbonates, 
9.  Nitrate  of  time.  <  Carbonates  of  magnesia  andjiliimifia, 

C^ttlp^'^*  except  of  lime. 

(Henry's  Chemistry,  Sthedtit.  iroL  S,  p.  660.) 


4        *  • 

(•)  Thit  is,  salts  which  cannot  exist  together  in  solution,  withoat 
\   ■ratozl  decompaction.     This  incompatibility,  however,  it  b  to  be 
und^rstoodi  exi«ti  only  in  solutions  q{  a  certain  density. 

(Henry's  ChenBslry,  8th  edit.  vd.  2,  p.  $60.) 
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COLOlJR 

■ ,  ■  « 

OF  PBECIPITATESTHROWN  DOWN  FROM  METALLIC 
SOLUTIONS,  BY  VARJ^^US  RE-AG£NTg. 


Metals. 


Gold  •  •  • 


platinum . . 


Silver.  .  . 


Mercury  • 


Palladium 


Rhodium .' 


Indium  .  . 


Osmium   . 


Prussiatcd 

alkalies. 


Yellowish 
white. 


No  precipitate: 
but  an  orange 
coloured  one 
byprussiateof 
mercury. 


White. 


White,  chang- 
ing to  yellow 


Olive*     . 

Deep  orangef . 


No  precipitate. 


Noprecipitate. 
Colour  dis- 
charged 


Tincture  of 
galls. 


Solution  turn- 
ed green.* 
Precipitate 
brown  of  re- 
duced gold. 


Dark  ^een, 
becommg  . 
paler. 


Yellowish 
brown. 


Orange 
yellow. 


Water  im- 
pregnated 
with  sulphu- 
retted hydro- 
gen. 


Vellow. 


Precipitated  in 
a  metallic 
8tate« 


Black. 


Black. 


Dark  brown. 


» ■  ■  ■»  <n  ^  • 


Noprecipitate; 
Colour  of  so- 
lutions disT- 
charged. 


Purple,  chang- 
ing to  deep 
vivid  dIuc. 


'F  r'-i 


-.  Hydro*   j 
sulpnurets* ' 


Yellow. 


Black. 
(Thenard.) 


BUck. 


Brownish 
black. 


Dark  brown. 


Noprecipitate. 


«>i- 


•  Chenfvl(» 


f  Wollaston: 
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COLOUR 

OF  PBSOIPITATES  VROM  KETALLIC  SOLUTIONd,   &«, 

CONTINUED. 


Metals,  -" 

Prussiated 
.    alkalies. 

Tincture  of 
galls. 

Water  im- 
pregnated 
with  sulphu- 
retted l}ydro- 
gcin. 

Hy^rofulr 
phurets. 

Copper ' .    . 

Bright  reddish 
brown. 

Brownish, 

Black. 

Black, 

White  change 
ing  to  blue. 
Deep  blue. 

Noprecipitate, 
Black. 

Not  precipi* 
tated« 

Black, 

-  - 

l^ickel     ..    . 

• 

Green. 

Greyish  white. 

Not  precipi- 
tated. 

• 

Black* 

i 

Tin      .    •    . 

White. 

Noprecipitate. 

Brown. 

BUck. 

Lead    ,    •    • 

White. 

White, 

Black. 

BUck. 

Zinc    .     .     • 

White. 

Noprecipitate. 

Yellow. 

Whit^     • 

Bismuth  .    • 

White. 

Orange. . 

Black. 

Black.    ', 

Antimony    . 

White. 

A  whit*  oxide 
merely  from 
dilution. 

Orange. 

Orange. 

Telluriun^     . 

Noprecipitate. 

Yellow, 

Orange  brown 
Crhenard.) 

Blackish. 

Arsenic    .    . 

White.             Little  change. 

Yellow. 

Yellow. 

Cobalt      .    . 

Brownish 
yellpw. 

Yellowish 
white. 

Not  precipi- 
tated. 

Black. 

^fanganesc  . 

Yellowish 
white. 

Noprecipitate. 

'  Not  precipi- 
tated. 

White. 

Chrome    .     . 

Green. 

Brown. 

... 

Green. 

<(«> 


COLOUR 

I' 

DF  PftfeCH^ITATfiS  FBOM  METALLIC  SOLVTIOKS^  &e. 

COKTINUED. 


M«tidk 


>'i  .ah 


PnM«Mt«d 

alkalies. 


Molybdena  • 


Columbtom  .   Olive 


'TflMiuinvoiMjh.'-A  .. 


llartvi'eof 
rail*. 


Brown. 


^?^i^ 


Grass  £xeen 
bf  l«1WH*i  ^ -^^i 


Deep  brown. 


Drown. 


Chocolate. 


Water  im* 
pregnated^ 
with  sulpliu- 
t«ttcd  hydro- 
gen. 


Hydrosiil- 
pnurets. 


Reddish 

brown. 
(TbeB«rd.y 


Brownish 
yellow. 


keddish^ 
Brown. 


-H*- 


Oraoge. 


Cerium    •    . 


Cadmium' 


•'!lf  ,-■  .r^(',^^}1 


^*ii   ^^ 


Whi 


i|te 


Not  precipi- 
tatied* 


0rasft 

gireen* 


YeUowiflh. 


No  p^eeljpkate 


Not  precipi- 
tated. 
(Thiward.) 


Bright 

'yellow. 


Chocolate.  > 


Bfowiiy  be- 
coming 
deep  green. 


Brijerht 


ght 

rIoW. 


(Heqry'sJChemistry,  Sih  edit.  vol.ii>  p.  5ff4>et  uq.y 


*     t 


.  :,tj. 


•.  I 


G-r      . ^ 


TJ,"*!     •  ■    1*  "^       *<'>V   •  „ 


V'/ 


.V-^1 


.   rcr:  ' 


'«        '.■.';>-.lr:-  .  ■  * 
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THERMOMETERS 

To  reduce  the  degrees  of  one  Thermometer  to  corresponding 
degrees  of  any  other y  having  a  different  scale. 


Fahrenheit's  scale  is  the  one  generally  adopted  in  Eiiglaiid,on  which 
the  freezing  point  is  assumed  at  the  S2nd  degree  above  zero,  and  the 
boiliag  point  at  SI 2*;  the  range  between  the  two  points  being  1IM)\ 

On  the  Centigrade  Thermometer,  water  freezes  at  zero,  and  boils  at 
100*.  On  Reaumur's,  the  freezing  point  ,is  at  zero,  the  boiling  at  80*. 
On  Pe  Lisle*8  scale,  water  boils  at  zero,  and  freezes  at  150*.  Wedge- 
wood's  .Pyrometer  is  only  intended  to  measure  very  intense  heats;  its 
first  degtee  corresponds  with  1077*  ef  Fahrenheit's,  and  each  d^^  is 
equal  to  ISO'  of  that  scale. 

To  reduce  Fahrenheit's  d^ees  to  the  Centigrade  scale,  deduct  88, 
multiply  the  remainder  by  5>  and  divide  the  product  by  9.    That  a§, 

F— 82X5_^ 

9 

To  reduce  Gentigfade  degrees  to  Fahrenheit's,  multiply  by  9,  divide 

C  X9 
the  product  by  5,  and  add  S8  to  the  quotient,  -^^-Q-  ^?==F. 

5 

F     3SX4 
To  reduce  Fahrenheft's  to  Reaumur's, ^--^ 


Rx  9 

To  reduce  Reaumur's  to  Fahrenheit's,  —^ — |-32=F. 

The  range  between  the  freezing  and  boiling  points,  on  Fahrenheit^'s 
•cale^  is  to  that  on  De  Lisle's  as  6 : 5,  but  the  order  is  inverted :  thcrew 
Ibre  to  reduce  Fahrenheit's  degree  to  De  Lisle's,  under  the  Mugj^osMt^ 
1 000(212 X5)-£F.  .     FX5--1060    ^ 

To  reduce  De  Lisle's  degrees  to  Fahrenheit's,  under  the  bmling  ^eeba^ 


F  I  107T 
To  reduce  Falirmheit't  degrees  to  Wedgewood's,  — r-w—  =W. 

And,  inversely,  to  reduce  Wedgewood'»  to  Sahrenheit's,  iso  W.  + 
1077=? . 


■'^' 


/iv-f. 


F^.3. 


/ 


a 


a  \ 


b  ■ 


Fi^.S. 


r^^- ' 


■Stzsz. 


T-T"  *"t»- 


a 


jd 


risf4 


^ 


Ft^.5. 


^^^. 


r,[g.7 


^i9  9  • 


^  / 


,f^ 


\ 


DD  D  a  D 


// 


2 


Fi'^jo. 


Enarared  hv  Mifj 


FuhUtfud  by  H'Thittip.f.Zond«nJSJ9. 
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EXPLANATION  OF  THE  FIGURES, 


PLATE  L 

Pig.  l.-^An  (apparatus  for  ascertaining  the  quat^tty 
pf  carbonic  acidy  disengaged  from  a  carbonate^  by  the 
.action  of  an  acid.^^The  spiral  tube  (a)  terminates  in  ' 
a  perforated  stopper,  which  is  ground  into  the  neck  of 
the  flask  (b)  so  as  to  be  perfectly  air-tight*  !Fo  use 
this  apparatus,  put  a  weighed  portion  of  the  carbonate 
into  the  bottle^  and  add  a  little  water;  put  the  acid 
kito  a  separate  phial,  and  place  it,  and  the  bottle  with 
its  tube^  into  one  scale  of  a.balance,  and  counterpoise 
them  exactly,  by  weights  placed  in  the  other  scale. 
•Then  pour  the  acid,  upon  the  carbonate,  and  quickly 
(adapt  the  spiral  tube  to  its  place.  When  the  effer- 
vescence has  completely  ceased,  ascertain  the  loss  of 
^weight  which  the  scale  with,  the  apparatus  has  sus- 
.tained,  whence  the  quantity  of  carbonic  acid  liberated 
will  b0  known.  Any  aqueous  vapour,  that  may  ris» 
:With  the  gas,  will  be  pondensed  in  the  spiral,  tube, 
■and  fell,  back  into  the.  bottle.  This  apparatus  was 
.invented  by  Mr.  Pctpys.    (§  169,  p.  309.) 

p 

.   Fig.  9.—  Vcit(Cs  detonating  Eudiometer. — a,  is  a  very 
.strong,  graduated,  glass  tube,.  6.  6.  brass  wires,   by 
.which  an  electric  spc^rk  is .  passed  through  the  gases. 
(§88  A.) 


464  BXPLANATIOir  OF  THB  FIQVRBS, 


Fig.  3 Dr.  Hop^s  Eudiometer.~aj  a  small  bottle, 

to  which  the  graduated  tube  ft,  is  fitted  quite  tight, 
by  griodiag.  Fill  thQ  bottle  with  t  ftQlutioP/of  aul« 
phate  of  iron  or  other  substance,  according  to  the 
nature  of  the  gas  to  be  absorbed ;  then  adapt  the 
graduated  tube,  contaiiiiiig  the  gases,  to  its  place, 
and  invert  the  instrument  so  that  thej  may  ascend 
into  the  bottle,  where  they  are  to  be  agitated  with 
the  liquid  for  a  short  lime ;  thtn  hold  the  apparatus 
in  its  original  position,  and  get  the  whole  of  the 
residual  gas  back  into  the  tube,  and  open  the  stopper 
c,  under  water,  which  wfll  rash  into  the  bottle  te  fill 
the  space  left  by  the  absorbed  gas.  Repeat  these 
operations  till  no  l\irther  diminution  takes  place,, 
the  amount  of  which  may  flien  be  read  f>ff  on  the 
graduated  tube.    {%  SS,  H.) 

Fig«  4« — -An  £uiicvfiHcr^  Jor  mceniaimt^  tie  gum^ 
iity  fifoxygeny  in  atmos'piietit  4U>,  ^  Hwto^ider  of 
.Asaic.  . 

According  to  Mr.  DiAbn,  when  detitoxide  «f  tsole 
is  used  for  the  purposes  of  eudiiMfietry,  H  is-  best  to 
dilute  it  with  some  other  gas,  not  s^ted  on  by  -exygeD 
or  deutoxide  of  azote.  ^<  In  this  castf,  if  an  ^i!ce«s 
of  one  gas  be  used,  Ute  ofbeir  is  in  «  few  mmtites 
entirely  iahen^  up,  and  m  a  constant  proporliM'-^ 
viz.  1  of  oxygen  to  1.7  of  llie  deutoxide,  so  tliat  ^Iths 
of  the  diminution  are  eicygen,  and  -^fths  deutoxide  ef 
azote/'  The  experiment  may  be  made  over  water. 
«  Pass  100  measures  of  common  air  to  100  measures 
ef  ~a  mixtttce  of  deutoxide  of  azete^  with  an  equal 
volume  ef  hydrogen  or  asette^as.  After  staadwug  a 
few  minales  in  tiie  eediometer,  there  w31  be  found 
144  measures.    The  loss  56  being  divided  by  the  com- 
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mon  divisor  S.7,  gtve»  81  nearly  for  the  oxygen  gas 
present  in  100  measures  pf  common  air." — (Henry^a 
Chemistry,  vol.  i.  p.  392,  8th  edition.) 

Fig.  6. — Apparatus  for  drying  Precipitates  hy  steam, 
— a,  a  japanned  tin  vesSel;  6,  its  steam  chimney;  c, 
a  thin  conical  glass  vessel,  which  is  inserted  in  a,  as 
deep  as  to  its  rim  e ;  (/,  a  ring,  which  fits  over  the 
boiler  a,  and  keeps  the  glass  c  in  its  place.  The  sub- 
stance to  be  dried,  is  placed  in  the  glass  vessel,  and 
the  tin  one  filled  with  a  sufficient  quantity  of  water, 
which  is  kept  at  the  necessary  temperature,  by  the 
argandlamp/. 

4 

Fig.  6. — Sir  Humphry  Davi/s  apparatus  for  mea- 
suring the  quantity  of  carbonic  acid  in  calcareous  spiU^ 
— a,  i\\fi  bottle  for  containing  the  soil ;  by  the  bottle 
containing  the  acid,  fitted  by  grinding  into  a,  and 
fomished  with  a  stop-cock,  and  a  ground  stopper ; 
c,  the  bent  tube  of  the  bottle  a,  to  which  a  flaccid 
bladder  f^  is  connected ;  £/,  a  graduated  measure ; 
e,  the  battle  containing  the  bladder.  To  use  the 
instrument,  a  weighed  portion  of  the  soil  is  put  into  a ; 
by  is  filled  with  hydrochloric  acid,  diluted  with  an 
equal  quantity  of  water,  and  fi.tted  to  its  place^^the 
stoprcock  being  closed.  The  flaccid  bladder  is  intro- 
duced into  the  bottle  «,  which  is  then  filled  with  water, 
and  the  graduated  measure  dy  placed  under  its  spout. 
When  the  stop-cock  of  6  is  turned,  the  acid,  flows 
into  Oy  and  acts  upon  the  soil ;  the  elastic  fluid  given 
out,  passes  through  c  into  the  bladder,  and  displaces 
a  quantity  of  water  in  e,  equal  to  its  bulk,  which  is 
received,  and*  its,  quantity  shewn,  by  t^ie  graduated 

jarrf.    ,  , 

2g 
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Fig.  l\ — A  bent  tube  with  a  bulbjfor  drawing  offtkt 
supernatant  liquid  from  precipitates^  where  it  is  desira*- 
ble  to  avoid  th^  use  ofJiUers. — (Appendix,  B.) 

Figs.  8  and  9. — Front  and  side  section  of  a  cupelling 
furnace. — a,  the  ash-pit ;  ft,  the  grate ;  c,  the  muffle ; 
dy  the  opening  for  introducing  the  muffle;  e,  the 
chimney ;  f  the  cover. 

"  The  form  of  this  furnace  should  be  an  oblong 
square;  its  dimensions  b^ing  regulated  by  that  of  th6 
muffle,  which  should  go  home  to  the  back,  its  front 
edge  lodging  on  ther  mouth  of  the  fiirnace.  On  each 
side  of  the  muffle,  two  inches  and  a  half  must  be  left, 
to  let  the  fuel  pass  readily  underneath,  where  there 
should  also  be  a  similar  space.  A  stoke-hole  must 
be  left  on  the  other  side,  but  the  situation  of  the  view 
will  not  admit  its  being  shown.  Before  the  muffle 
is  a  projecting  ledge  or  shelf,  shewn  at  e,  which  is 
intended  to  support  any  thing  that  is  to  be  piit  into 
the  muffle.  Two  twelve-inch  tiles,  worked  in  along 
with  the  bricks,  will  a  iswer  this  purpose.^' — (Henry*s 
Chemistry,  vol.  u  p.  478.  8th  edition,  and  %62.  p.  9& 
of  this  work.) 

Fig.  10.-—^  mercurial  pneumatic  trough^  with  a 
small  tube  and  its  frmnely  for  introducing  gas,  ttnd  a 
spirit  lamp  to  heat  the  bent  part  of  the  tube^  containing 
the  substance  operated  on. 

This  little  apparatus,  which  has  been  frequently 
alluded  to  in  the  body  of  the  work,  is  of  very  exteH- 
sive  utility,  in  a  great  variety  of  experiments.  The 
tube  is  easily  bent  into  the  form  required,  and  one 
end  hermetically  sealed,  by  means  of  a  blow-pipe,  in 
which  the  flame  of  the  lamp  is  urged  by  a  small  pair 
of  bellows. 


£ 


Fi^U 


Ti^J2 


Ti^.15 


'^ 


■■•--> 


TtthUshed  by  W.FhilUps.  London  281P. 


Uruftxwed  bir  Jtifs L**f^ 


EXPLANATION  OF  THB  FKUBEg.  467 

Fig.  II. — A  small  furnace^  traversed  hy  a  porcetaitty 
or  metal  tube,  to  the  extremities  of  which,  two  bladders 
are  fastened,  one  containing  the  gas,  which  is  the  subject 
of  the  experiment,  the  other  Jlaccid. 

By  this  apparatus  a  gas  can  be  brought  in  contact 
'  with  various  substances^  at  any  temperature,  inca^ 
pable  of  fusing  the  tube ;  and  by  passing  it  backwards 
and  forwards  from  one  bladder  to  the  other,  the  ope- 
ration may  be  continued  any  length  of  time  required. 
£ach  bladder  is  furnished  with  a  stop-cock. 

Fig.  13. — An  apparatus  similar  to  the  preceding, 
but  having  only  one  bladder;  the  opposite  end  of  the 
porcelain  tube,  being  connected  with  a  small  bent  one  of 
glass,  which  opens  under  an  inverted  receiver,  over 
mercury. 

Fig.  13. — Sir  Humphry  Davy^s  apparatus  for  as* 

eertaining  the  composition  of  phosphoric  acid.'-^S  139. 
p.  170.) 

Fig.  li.'^M,  M.  Gay  Lussac  and  Thenard*s  appa* 
ratus  for  the  analysis  of  vegetable  and  animal  sub" 
stances,  hy  combustion  with  chlorate  ofpotassa.—^{\  S9S. 
p.  350.)  ' 
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j4cidtf  arranged  Into  two  series,  19^. 

analysis  of  a  mixed  solution  of,  page  192, 
gaseous,  to  determine  the  weight  of  weak,  209. 
insoluble  in  water,  names  of,  208. 
in  salts,  proportionate  to  the  quantity  of  oxygen  in 
their  bases,  utility  of  this  knowledge  in  analysis, 
214. 
method  for  the  analysis  of,  by  heat,  209* 
mineral,  names  of,  8bd  remarks  on,  144,  164. 

number  of,  which  can  exist  in  solution 
together,  190.  ' 

oxygenated,  of  Thenard,  theh  properties,  155. 
^cidy  antimonic,  how  distinguished,  147. 

analysis  of,  181. 
antimonious,  how  distinguished,  148. 

analysis  of,  181. 
arsenic,  how  distinguished,  147. 
analysis  of,  182. 

to  ascertain  the  presence  of,  in  an  alloy,  78. 
how  distinguished  in  a  mi^ed  solution,  191^ 
195. 
arsenious,  how  distinguished,  147. 
analysis  of,  182. 

how  distinguished,  in  a  mixed  solution,  195. 
boracic,  how  distinguished,  144. 
analysis  of,  165. 

bow  distinguished,  in  a  mixed  solution,  194. 
mode  of  separating,  in  hard  stones,  422. 
to  ascertain  the  quantity  of,  in  hard  atones, 
421 
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Acidf  carbonic,  how  distinguished)  14. 

in   a   complicated  mix- 
tare,  24. 
caibonic,  analysis  of,  l^S.. 

in  mineral  waters,  to  ascertain  the  presence 
of,  218. 
carbonic,  in  mineral  waters,  to  ascertain  the  quantity 

ofy  223. 

chloric,  how  distinguished,  149. 

analysis  of,  177. 

how  distinguished,  in  a  mixed  solution,  190; 
194. 
chlorocarbonic,  how  distinguished,  14. 

#  in  a  complicated 

mixture,  24. 
chlorocarbonic,  analysis  of,  168. 
ehrCHuic,  how  distinguished,  148. 
analysis  of,  180. 

how  distinguished,  in  a  mixed  solution,  191, 
195. 
chloriodic,  how  distinguished,  151. 

analysis  of,  177. 
eolumbic,  how  distinguished,  149. 

analysis  of,  181. 
fluoboric,  how  distinguished,  13. 

in  a  complicated  mix- 
ture, 24. 
fluoboric,  analysis  of,  189. 
flttosilicic,  how  distinguished,  12. 

in  a  complicated  mix- 
ture, 23. 
fluofiilicic,  analysis  of,  189. 
hydriodic,  how  distinguished,  13. 

in  a  complicated  mix- 
ture^ 23. 


Acidy   bydriodic,  an^lysi^  of,  18^.  . 

how  distinguished^  iQ  ^  mixed  aolutioD, 
191,  193. 
hydrochloric,  bow  distto^ui^hed,  13.   ' 

in  a  complicated  mix- 
ture, 24. 
bydrochlorlG,  composition  of,  1 10. 
analysis  of,  185. 

how  distinguished  in  a  mixed  splution, 
190,  196. 
hydrofluoric,  bow  distinguished,  153. 

analysis  of,  183. 
fajrpophosphorous,  how  distinguished,  145. 

analysis  of,  172'. 

how  distinguished,  in  a  mixed  solu- 
tion, 190,  195. 
hyposulphuric,  iprmatioo  of,  433. 

characters  of,  434* 

■.  analysis  and  composition  of^  435,  et  seq. 
hyposulphurous,  composition  of,  439,  432/ 
iodic,  how  distinguished,  151. 
analysis  of,  177. 

how  distinguished,  in  a  mixed  solution,  190 
194. 
Q&olybdic,  how  distinguished,  148. 

to  ascertain  the  pre&^nce  of,  in  an  alloy,  78 

iinalysis  of,  180. 

how  distinguished,  ii),  a  mixed  solution 

191,  194. 
action  of  the  blowpipe  on,  382^ 
nitric,  how  distinguished,  146. 
analysis  of,  173. 
bow  distinguished,  in  a  mixed  solution^  190 

194. 
^alysis  of  a  mixture,  contiining,  195* 
nitrous,  how  distinguished,  146. 
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Jdd^  nttrQiis,  onalysii  of,  173. 

how  distiogaUhed,  in  a  mixed  tolntion,  190, 
103. 
perchloric,  how  distinguished,  149. 
analysts  of,  177. 
composition  of,  149. 
pernitrous,  how  distinguished,  147. 

analysis  of,  174. 
phosphatic,  how  distinguished,  140. 
phosphoric         .         .,        .       145. 
analysis  of,  169. 

how  distinguished,  in  a  mixed  solution,  195. 
phosphorous,  how  distinguished,  145.  - 

analysis  of,  170. 

how  distinguished  in  a  mixed  folution, 
190,195. 
selenic,  how  distinguished,  153. 

analysis  of,  178. 
sulphuric,  how  distinguished,  146. 
analysis  of,  175. 
how  distinguished,  in  a  mixed  solution^ 

190,  194* 
nitric  and  hydrochloric,  analysis  of  a  mix- 
tuije  of,  195. 
sulphurous,  how  ^listhrgBithed,  14. 
.<  in  a  complicated  mix- 

ture, 24. 
analysis  of,  175* 

how  distinguished,  in  a  mixed  solution, 

190,  193.  ,    , 

in  mineral  waters,  to  ascertain  the  pre- 
sence of,  220,  224. 
tungstic,  how  distinguished,  148. 
analysis  of,  181. 
action  of  the  blowpipe  on,  383. 
Acids^  Tegetable,  general  properties  of,  272.  . 
Acid^  acetic,  from  what  obtained,  and  how  distinguished,  273. 
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enzoic,  from  what  obtained,  and  hoir  Astiiigtttdiedy974.' 
)>oletic,       '.       *•       *«        *•       \        .        •    975. 

camphoric, 
citric. 

4 

>              i 

•      • 

•    980. 
.    974. 

ellagic, 

fungic,         •        •         1 

gallic, 

kinic. 

• 

>             < 

'".     978. 
.     975. 
•    978. 
.    977. 

laccic. 

V 

.    977. 

lampic,        • 
malic. 

• 

1              fl 

\    981. 
.    973. 

me^onic,      •         .         . 

977,  418. 

mellitic. 

»              i 

%             « 

t               •    « 

•    978. 

moroxylic, 
oxalic, 

»              1 

»              « 

.  '  978. 
.     973. 

]yp«macic, 
pjrotartaric, 
taclactic,     . 

• 
» 

» 

•  984. 

•  ,980. 

•  98a 

lorbic. 

1    •          « 

•                    a 

.    978. 

suberic,       .         . 

1              i 

»                    < 

.  '  981. 

•accinic. 

» 

. 

.    978. 

tartaric. 

» 

. 

.    97P. 

zomic. 

. 

. 

.    981. 

Acidiy  animal  304. 

Acidy  amniotic,  from  what  obtained,  k  how  ditdng oithed,  314. 

chlorocjanic,        •         .         •        .        ...     393. 

analytis  of,  394. 
-    ferrocyantc,  from  what  obtained,  and  how  distin- 

guished,  397. 

ferrocyanic,  analysis  of,  397. 

formic,  from  what  obtuned,  and  how  dbtingntshed,  315. 

hydrocyanic,        •        .        .        •        •        .  317. 

lactic,          •         •        ...        .        •  316. 

marganc,     ••..•••  314* 

oleic,          ••.••••  315. 


474  iKOEX. 

Add,  puipuric^  firom  what  obtained,  k  how  distinguished,  312* 
rosacic,  .  •  •  •  .  •  «  312. 
sulphocyanic,        .         .         •         •         »         .325. 

analysis  of,  326. 
uric,  from  what  obtained,  and  how  distinguished,  311* 
Albumen^  from  what  obtained,  and  how  distinguished,  304. 

coagulated, 30G. 

AKo^Sy  metallic,  acted  on  by  water,  formula  for  the  analysis 
of,  74. 
metallic,  1st.  not  acted  on  by  wafer,  but  by  weak 
•  sulphuric  acid,  formula  for  the  analysis  of,  75. 
metidltc,  2d,  acted  on  by  strong  boiling  hydrochloric 
acid,  formula  for  the  analysis  of,  76. 
V         metallic,  3d.  acted  on  by  boiling  nitric  acid,  formula 
for  the  analysis  of,  77. 
metallic,  4th.  after  being  calcined,  formula  for  the 
analysis  of,  81.       • 
^Ivmtna,  analysis  of  a  mixture  containing,  131,  133. 
action  of  the  blowpipe  on,  380. 
when  in  a  large  proportion  in  stones  mode  of  sepa- 
rating, 423, 
Aluminous  ssiUs,  in  mineral  waters,  to  ascertain  the  presence 

gf,  220. 
Aluminum^  oxide  of,  how  distinguished^  115. 
Ambergris^  how  distinguished,  311. 
Ammonia  f       •         .        •        14. 

in  a  complicated  mixture,  23. 
analysis  of,  54. 
carbonate  of,  in  mineral  waters,  to  ascertain  the 

presence  of,  221. 
salts  of,  in  mineral  waters,  to  ascertain  the  presence 

of,  220. 
seleniate  of,  how  distinguished,  204. 
#ubcarbonate  of,  in  mineral  waters,  to  ascertain  the 
presence  of^  224., 


Antimony yliow  distiDgubhed,  66. 

oxide  of,  hoW  distinguished,  11$. 

actioD  of  the  blowpipe  on^  385. 
Aqua  marine,  analysis  of,  136. 
ArsemCj  how  distinguished,  65. 

action  of  the  blowpipe  on,  381* 
as  a  poison,  mode  of  detecting  its  presence,  390^ 
oxide  of,  how  distinguished,  120. 
ArseniaieSf  how  distingubhed,  201. 
Arseniies^    •         ...  201. 

Asparagin,  from  what  obtained,  and  how  distinguished,  202. 
AtomiCy  constitution  of,  organised  substances,  how  determin- 
ed,  364. 
theory,  sketch  of  the,  394. 
AzotCy  how  distinguished,  15. 

deutoxide  of,  how  distinguished,  15. 

in  a  complicated  mix*, 
ture,  18. 
deutoxide  of,  analysis  of,  53. 
examination  for,  in  a  complicated  mixture,  19. 
in  mineral  waters,  to  ascertain  the  quantity  of,  221. 
oxide  of,  how  distinguished]^  15 

in  a  complicated  mixture^ 
18. 
oxide  of,  analysis  of,  5% 

in  azoturets,  proportionate  to  the  oxygen  in  oxides^ 
110. 
AzotureiSy  analysis  of,  110. 
Buhneey  very  accurate,  required  in  analytical  experiments,  1. 

essential  requisites  of,  373. 
Baisamsy  from  what  obtained,  and  how  distinguished,  296* 
Barhimy  how  distinguished,  62. 

analysis  of  an-  alloy  containing,  74. 
Baryay  analysis  of  a  mixture  containing,  129,  133. 
action  of  the  blowpipe  on^  379. 
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BirdUmey  natare  and  properties  of,  295. ' 
Bismuihy  how  distinguished,  67. 

analyMS  of  an  alloy  containing,  83}  My  85,  88,  95. 
oxide  of,  how  distinguished,  119* 

action  of  the  blowpipe,  SS5. 
remarks  on  the  Yolatility  of,  411. 
^        to  ascertain  the  presence  of,  in  an  alloy,  78. 
BUmptpe^  remarks  on  the  power  of,  (note),  6fi. 
directions  in  the  use  of  the,  375. 
remarks  on  the  utility  of,  389. 
Boratety  how  distinguished,  201. 
Boron,      •         •         •         •     57. 

Cadmiumy  •         •         •     68. 

in  an  alloy,  to  ascertain  the  presence  of,  79. 
oxide  of,  action  of  the  blowpipe  on,  386. 
Caffeifiy  nature  and  properties  of,  288. 
Cakareousy  salts,  in  mineral  waters,  to  ascertain  the  presence 

of,  219. 
Cakiumy  how  distinguished,  62. 

analysis  of,  an  alloy  containing,  74. 
Camphor y  nature  and  properties  of ,^295. 
Cantharadiny  from  what  obtained,  and  how  distinguished,  309. 
haoutchouCy      •         •         •         •         •         •         •  297* 

CarboHy  how  distinguished,  57. 

bihydruret  of,  analysis  of,  10. 

combination  with  chlorine,  10. 
presence  shown  in  a  complicated  mix- 
ture,  19,21. 
hydruret  of, -how  distinguished,  9. 

in  a  complicated  mixture,  1 9. 
its  presence  shown,  21. 
hydruretted  oxide  of,  analysis  of,  51. 
oxide  of,  its  presence  shown  in  a  complicated  mix* 

turej  19,21. 
oxide  of,  analysis  of,  51*   * 


INDEX. 


4T7 


Carbon  J  hydrarets  of,  bow  analysed,  46. 
Ciurbonatesj  how  dbtioguished^  198.         ,    ' 

in  mineral  waters,  to  ascertun  the  presence  of, 

219,  m. 

^    likely  to  be  found  in. mineral  waters,  name^of, 

216. 
mode  of  analysing,  424. 
Carbwiic  oxide,  how  distinguished,  9. 

its  presence  shewn,  19,  21. 
Cerasin^  from  what  obtained,  and  how  distinguished,  292. 
Ceriumy  how  distinguished,  70. 

in  a  solution,  to  ascertain  the  presence  of,  82. 
oxide  of,  how  distingnished,  121. 

acUon  of  the  blowpipe  on,  384v 
CMoraiesy  bow  distinguished,  198. 
Chlorocarbomtt^My  how  distinguished,  198. 
(7W>y:t(fe«,  analysis  of,  112. 

how  distinguished,  198. 
Chlorine  y '        ••.•IS* 

•         •        ,     in  a  complicated  mixture,  23. 
deutoxide  of,  hpw  distinguished,  14. 
in  chlorides,  proportionate  to  oxygen  in  oxides,  112. 
oxide  of,  how  distinguished,  13. 

•     in  a  complicated  mix^ 
ture,  23. 
oxide  of,  analysis  of,  53. 
Chloraphyky  where  found,  and  how  distinguished,  287.    . 
Chromiaiesy  how  distinguished,  200. 
Chromium  f       .         •         •         71. 

attionof  the  blowpipe  on,  382. 

in  an  alloy,  to  ascertain  the  presence  of,  81. 

oxide  of,  how  distinguished,  120. 

analysis  of  a  mixture  containing,  131, 

133. 
Clays y  their  general  composition ,  1 38  • 
analysis  of,  138. 


Cobaliy  how  distinguished,  64.  ■'■.•, 

in  ail  alloy,  to  ascertain  the  presence  of,  70* 
oxide  of,  how  distinguished,  120. 
CocheneliUj  fronf  what  obtained,  and  how  distinguished,  509. 
Colouring  matter  of  blood,  how  distiiigaished,  307» 
Coiumbates,  how  distinguished,  201. 
Columbium.    .         .         .         .72. 

in  an  alloy,  to  ascertain  the  presence  of,  £^ 
Combustibles y  un metallic,  how  distinguished,  56* ' 

undeeomposed,  number  of^  56. 
Copper^  how  distinguished,  64. 

analysis  of  an  alloy  containing,  83,  84,  85,  90,  91, 

93,  94,  95. 
in  an  alloy,  to  ascertain  the  presence  of,  79. 
oxide  of,  how  distinguished,  119. 

action  of  the  blowpipe  on,  388. 
salts  of,  in  mineral  waters,  to  ascertain  the  presence 

of,  220. 
and  silver,  assay  of  an  alloy  containing,    99. 

French  coin     •     ^     100. 
and  gold,  assay  of  an  alloy  containing,    105* 
gold  and  silver,        •         •         •         .     105. 
platina  and  silver,     .         •         .         .     100. 

and  gold,     •     •    -     •     107. 
Cupels  J  their  formation  and  use,  96. 
Cupellationj  how  perfonped,  90,  97^  et  seq. 
C^anogeuy  how  distinguished,  12. 

in  a  complicated  mixture,  25. 
analysis  of,  50. 
Daphniriy  from  what  obtained,  and  how  distinguished,  289* 
Eldtitj         •         •         •         •         •        •        •        «310. 

JbtVtettnm      ••*•••••    292. 

Evupordiioh^  precautions  to  be  observed  daring,  3. 
Exir active,  existence  and  properties  bt^  291. 
Faij  varieties  of,' and  how  distinguished,  309. 
Fibrin,  nattire  and  properties  of,  306. 
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Figures^  explanation  of,  465,  et  seq. 

Filters^  methdd  of  Using,  373,  374. 

Fluaies^  how  distinguished,  198. 

Fiuoboratesy     .         •         .  198. 

Fluxes^  the  most  useful,  377. 

Fungln^  from  what  obtained,  and  how  distinguished,  999. 

(jrltfef,  acid,  7. 

alkaline,  7. 

analysis  off,  7. 

a  mixture  of  three ;  one  which  is  absorbed  by  potassa, 

analysis  of,  41. 
not  absorbable  by  potassa,  analysis  of  a  mixture  of,  42. 

absorbable, 43, 45. 

azote,  oxide  of,  and  arsenuretted  hydrogen^  analysis 

'  of  a  mixture,  37. 
azote,  oxide  of,  and  bihydruret  of  phosphorous,  ana- 
» '  lysiiJ  of  a  mixture,  37. 

azote  stnd  oifygen,  alialysis  of  a  mixture  of,  29. 
carbonic  oxide,  .  «  •  36i 
oxide  of  azote,  •  •  •  36. 
deutoxide  of  azote,  •         •     36. 

oxide,  deutoxide  of  azote,   and  carbonic 

aeid,  analysis  of  a  mixture  of,  44. 
deutoxide  of  azote,  hydrogen,  bihydruret  of 
carbon,   carbonic  acid,  carbonic  oxide, 
sulphuretted  hydrogen,  and  hydrochloric 
acid,  analysis  of  ^  mixture  of,  45. 
bihydruret  of  carbon  and  carbonic  oxide,  analysis  o/ 

a  mixture  of,  31. 
bihydruret  of  carbon  and  iKXide  of  azote,  aqalysis  of  a 

mixture  of,  34. 
bihydruret  of  carbon  and  deutoxide  of  azote,  analysis 

of  a  mixture  of,  35. 
carbonic  acid  and  hydrochloric  acid,  analysl84>f  «  ndz- 
#ure  of,  37. 
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Goiesy  carbonic  acid  and  hydiiodic,  analysis  ofamiztare  of,  37. 

fluoboricy  .         .  .     .         37. 

fluosilicic,  .  •  •  •  37. 
snlphuroiis  >  •  •  •  37. 
cblorine,  •         •         .         37. 

oxide  of  ch]||riney        •         •         38. 
sulphuretted  hydrogen,        •         38. 
^     telluretted  hydrogen,  .         .         38. 
chlorocarfoonic  acid,    .         .        38. 
.    carbonic  oxide,  and  oxide  of  azote,  analysis  of  a  mix- 
ture of,  36. 
carbonic  oxide  and  deutoxide  of  azote,  analysis  of  a 

mixture  of,  36. 
.  chlorine  and  oxide  of  chlorine,      .        .        .41. 
fluosiliclc  acid,  •        .        •        41* 

flnoboric  acid,  .        •        •        41. 

chlorocarbonic  acid,  .         ,        41. 

carbonic  acid,  .        •        •        41. 

sulphurous  acid,        .        .        •        4t. 
cakiionic,    hydrochloric,    and    fluoboric 
acids;  analysis  of  a  mixture  of,  43. 
.    coloiured,  7. 

compound,  names  of,  40. 

ge«eial  characters  of,  367;     ' 

hydrogen  and  oxygen,  analysis  of  a  mixture  of,  20. 


hydroret  of  carbon. 

33. 

azote,                   •        • 

35. 

carbonic  oxide,     •         • 

35. 

oxide  of  azote. 

35. 

deutoxide  of  azote 

36. 

hydmret  of  carbon  and  azote,         •  •    .    , 

34. 

oxide  of  azote. 

'   34. 

deutoxide  of  azote  . 

35. 

hydrochlotte  and  chlorine,   '*^I 

40. 

telluretted  hydrogen. 

41. 

flqosilicic  acid, 

41. 
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Casesy  iaflaminabley.7« 

nnlntiammatile,  bat   absorbable  by  a  concentrated 

alkaline;  solution,  1%  ■ 
iacompaliblc  in  the  same  miztnre,  16. 
inodorous,  7. 

method  of  correcting  the  folumes  of,  (note  4). 
m9^e,  of  ascertaining  the  composition  of  the  residual, 

a^fter  the  residual  of  caustic  potassa,  1 8,  .^8. 
,  nami^s  of,  at  the  freezing  point  of  water,  6. 
V    ozy^i^  and  azote,  analysis  of  a  mixture  of,  28. 

hydrogen,  •  .  .  *  29. 
bihydruret  of  carbon,  \  .  31. 
phosphorus  ,  '31. 
arsenuretted  hydrogen,  .  •  31. 
carbonic  oxide,  .         .         31. 

oxide  ef  azote,  .        •        31. 

azote,  hydrogen,  hydmret  or  bihydruret 
of  carbon,  and  carbonic  oxide,  analysis 
of  a  mixture  of,  43. 
soluble  In  -jV^  their*  tf^ume  of  water,  7. 
soluble  in  alkaline  splutionsi  7. 
sulphuretted  hydrogen,  and  hydrochloric  acid,  ana- 
lysis of  a  mixture  of,  38, 
Sttlpliuretted  hydrogen  aiid  fluoboric  acid,  analysis  of 

immixture  of,  38* 
sulphuretted  hydrogen  and  fluosilicic  acid,  analysis  of 

a  mixture  of,  38*  '''.-.■ 
sulphuretted  hydit^n  and  hydriodic  acid^  analysis  of 

a  mixture  of,  38. 
sulphuretted  hydrogen  fnd  carbonic,  hydrochloric, 

and  fluoboric  acids,  analysis  of  a  mixture  of,  43, 
sulphuretted  Jiy^dri^en,  aaote,  oxide  and  deutoxide  of 
azote,  and  carl^i^c.acid,  analysis  of  a  mixture  of,  44. 
sulplrarous  and  h^fttrifrChloric  acid,  analysik  of  a  mix- 
ture of,  39« 

S  H 


iopikUoiA  acid^     •      \«        •  ^* 

teikiwtted  lijdni^gen  unci  bjrdroddoric  d^d^  •  99* 

.hjrdriodicacid^        •  i9. 

flaoboric  aciii       '  «  S9* 

ilao9iU<dc  add  jf       '•  39. 

which  MiiiflaiiH»..an  %Bilted.,ti|^r,  7. 
which  ana  Qot,ai|»ipjr>abte  hy  cawilic  p«tasaa^  IS* 
which  are  whollj^ afat^orbeibf  ouutic  pataua,  1& 
partially  absoibed    .      *'    ,  -  '     ^       •         ^^• 

Gm$09  amd  vt^oufiy  fpecifi&^^itjr  ot^,  44§* 

€t§IfUini^  fpin^  what,Qbtaiaed|,aad  how  distinguished,  302> 

JCrhifift^^^iBflytii  of  a  mixture. oontaining^  131,  133* 

GiuchHumj  oxide  of.  Bow  disting^^hedi^  US. 

QUOv^iSufim  vluU  obtained,  and  J^iw  dktinguished,  303. 

&o^  howdi8tingQished,;71«. 

analysis  o(aii  aU^y^  caataii|in^;S V88,  94, 95. 
and  copperyamf  of>aaaU<i^,off  105. 
fiiTer,  andNC^^Her^.;    , «.       •      lOib 
platioa,  siAtV)  iP^rfPAi^ri   •      ld7^ 
ia  aa  alloys,  U^^9iui^m'^^^»^9e9^Ms,  M. 
^vc,  .,  t«^49tqrini|ietfaeqnantt<^of|,iii,coiav&c^ldI. 

Oiifif9i{%^iCP|i|.what  obtained:aiid.howdisthi(giished|.  V6. 

(r»m|  how  distinguishedyP3Q^  r.,.  .< ,: 

HdkatbUy  nature  and  properties,  287.    .  i  -  2  .  bii>^  /  • . 
Ujfdr9Cht0n0S0i^       ..       «      ;1(I9»^ 
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^\        '         •*'•  ■'*  matare,  dr. 

pbtasittrettecf,  liiiw'  dfetia^ftk^,  S.     ^  • '  • 

properties  efj^  i9M» 

sulphuwtttdd,  hotr  flIitlugiiitWd,  II.'        • 

«   *  --    '     ^  /  fi6V«»tifigiili»ft^d Til  a  mixtd'HHiii 

l^lHiret^ed/1to«v^dt»flk^«med;'  M: 

standard,  452.     '•''-  ^-'''^ '«*-•#  ^*«^^  ^  ^  ^t  '  *-  *^.'  .^ 
H^fpophospkHe  Af9(^\^Mm  mSmfgiMm^'^iM. 
'Hjff^$titfli9M!\^^  ef,  495,  et  seq. 

Hi^HmUphiieSf^   '    •        •     4M,  et  stq.    , 
Je%,natiiTO«iidimipMfhN;br^t^  ;    '-^  «  .^  ^  t 

JndigOy  •        •        .        ^^». 
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INDEX. 


InuUn^  nature  and  properties  of,  90S. 
/(^a/e«,  how  distinguished, d99. 
/oilidi^^,  anatyiis  of,  109. 
Iodine^  how  distinguished^  b9, 

i'u  iodides  proportionate  to  the  oxjgeuin  oiides,  1 10. 
.•test  for,  421. 
/roft,  how  distinguished,  6S. 

analysis  of  an  alloy  containkig,  85)  91* 

in  an  alloys  to. ascertain  the  presience  of,  7d^ 

oxide  of^  how  di.stiagiil8hed,  ISp. 

analysis  of  a  mixture  containing,  131,  133. 
action  of  the  bloWpipe  on,  386. 
/nr&im^ 'hoW'dUtlnguhhed,  i73^ 

in  an  alloy,  to  ascertain  the  preee&ce  of,  83.. 
Laciatett^  how  distinguished,  '3f  7.  ^ 

LtvnpatdSf  '         *    *     •.         28% 
Leddj  .        '.         .        *  68. 

analysis  of  ah'  alloy  contaiBing,  83,  84,  85,  90,  91, 

*  93/94,  95. 

and  sihet-,  sisSay  of  an  alloy  of,  97. 

in  an  alloy,  to  ascertain  the  presence  of,  78. 
oxide  of,  how  distinguished,  VI  9«    ' 

action  of  the  blowpipe  on V  388. 

used  in  cupellation,  ^nd  precautions  to  be  obserred, 

97,  100,  101.      ' 

Lime  J  analysis  of  a  mixture  containing,  129, 133. 

action  of  the  blowpipe  on,  380.      .   \  .    ;  , 

new  method  of  sepamting  magnesia,  aad  ,(note>.  1 30. . 

oxyrouriatie',  expe.rimeots  to  deiermine,  the  composition 

-  .       and.natureof,  4l2« 

Lithia^  selcniate  of,  how  distinguished,  2.d4.  .  -  . .  1^ ' 

method  to  discorer  its -presence  Ij^.the^^f^i^v^Pf?  38d«' 

Mant]p2<toio9»,  peculiar  to  ^l^stio.fluidsv  ^*'  '  f.--^H 

Magnenay  analysis  of  a  mixt^r^co,ata4^ing,4£9,  Itvf. 
action  of  the  blowpipe -onj^^dSb^'v  ^j 


»• « 
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\   Magnesia^  how  dhtmgn\shc6,i\  5.  .       - 

salts  of,  in  mineral  waters,  to  ascertaiiD  the  pro. 
SfDce  of,  220. 
Manganeft^  how  distinguished^  03.  ,  .. 

analysis  of  an  alloy  containingy  84, 85^ 
in  an  alloy,  to  shew  the  presence  of,  76. 
•  improved  process,  for  the. separation  of  iroo  from, 

(note)  87. 
oxide  of,  how  distiDgaished,  120. 

ansllysis    of  «    mixture    cofitaining, 

131,  133* 
action  of  thg  blowpijpe  on,  i39^ 
l^edulia,  natare  and  properties  of,  298. 
Mercurjfy  how  distingaished,  05.  ) 

•  in  an  alloy,  to  ascertain  the  presence t»f,  71^.' 
oxide  of,  action  of  the  blowpipe  on,  389; 
Metals^  how  classed  (note}  60L    -        . 
general  propertieb  of,  369.         » 
likely  to  be  fodnd  m  sblnfion  after  the  locces^iTe 
action  of  w»ter,  weak  snlphnricy  hydrocElloric,  and 
boiling  nitric  acids,  names  of,  77. 
not  acted  on  by  boiling  nitric  acid,  but  attacked  by 

aqua  regia,  names  of,  69. 
not  acted  on  by  boiling  nitric  acid,  nor  aqna  legia, 

names,  of,  71.       '  ■     . 

which  decompose  water,  names  of,  60u 
.    which  ^ar^  no  action  ^oa  water  a^  ordinary  te^ipe- 
ratures,  4lcc»  64. 
analysis  of  such  a  mixture  of,  7T,  et  seq. 
Milk^  sugar  of,  nature  and  properiies'of^  308.^ 
Mimf-aiGofrnpoitmiif  atomic  con5ttitatioo  of,  in  tables,  444. 
ifo/yi^c/£^ci,  hew  distinguished^  20t. 

Molsfl^detta^ .         .  e^.riji*  66*  . 

oxide  of,(iie6ir  dtstingpishcd^  120. 


W0O 


4MP«. 


Morphia^  frooi  what  6bUi«e^«nd  how  di^igais!iefl,^i^i  ' 

«aU^  of)  how  distinguished,  206. 
ifucuij  nature  and  propet^ies  of,  ^^^  307. 
Kicktt,  how  distinguished,  65. 

is  «n^al]o^,  to.ibew  the  pr^seace  of,  T5* 
Qltde  o^  how  distingul«bed,  12:1  • 

action  of  the  blowpipe  oa,  .387. 
Nkkei  and  cobalty  mode  of  sepkrating^  4 1 1 . 
Nieoiirtj  ft^ni  wha4  obtained  Ami  hom,'  dtctiqguiihed,  99 1. 
NUraies^  fo^nd  in  mineral  water^^  natnes  of,  216. 
how  distinguished,  199.    '  ** 
■in  miuecal  WttAerHy-to  ascertain  the  pretence  of,  ^1. 
NiiHieif  how  distinguished,  1 98.      '  ^ 
OUty  fixed,  nature  and  properties  of,  Q03. 
tolitiie,^    '."*•';        .       ^4. 
OpermUonSy  nec^Mxj  lit  chemical  analysis^  J ,  f3. 
Organic  Cottipo^nds,  general  prbpeirtles  of,  270. 

and  inorganic  coin]>oURds,  remarks  on  the  atomic 
^    oonsdtution  iof,  5rd.        - ' ' 
fimtare,  explanaUoh' of  the  .proximate  and  nlthnate 

principVesof,27l.  ' 
substances,  mode  of  ascertaining  the  nature  and  pro* 
/     '        perties  of  the  ultimate  elemehtrf'of,  550,  355. 
'  '       sUl^staiii^S)  apparsktas  used  in  the  anatyslf  ^f/390. 

use   of  the  cfaloi:^  of  ;)f»«#asla>  %i  •  the 

anilyshs  of,  3511' 
precautions  i6  be  obisetv^jd  iW  the  analysts 

observations  ttn  the  \kppalHitus    for  the. 
'     analysis  of,  358.       v  v*^    ^ 
Beiard's  method  for  tKe  iiihilysis  of,  300. 
method  of  deti?tmming  the  ittogaic  com- 

pfuSUion  of,  364. 
how  distinguished,  367* 


»  >  ». 


QrganktuMfmcti^  animial  proximate  {>Tkidpteli^  dhtiol;^^ 

ing  dtaractem  bf^  345.^ 
formttla  for  tlie  atialjsis  of^  356, 
Tfgetable  coiirpoun^S}  generic  .^p^ei 

of,27(>. 
animal  atid  Tegetab]ie  xoii^pp^adi ,  how 
arranged.  ^79. 

Tegetable  coappaujjs^most  striUng  olia- 
^^'^    f    .  nicters  of  (In  tables),  285,  «c,      . 

Te|;etable,  bitter  principles  of,  288.  ,   , 
regetable  compounds,  fibrin^  nature  and 
^      .   ,  ,,  .    pn^perticfi  9fj ?93^   ^  .   [, 

Tegetable    oompoui|d^j^ ,  sam   genfstrally 

ill^etable  compounds,  general  .formula 
for  the  analysis  ot,?(X);'';\;^^  ^; 
v>    ,    tegetable  cpmppjin^^^  prqxiin^te  ajnaljai^ 
-  -       .".     --     ;        .-  of  a,  301.      " 

Tfgetablos^  |>roxifda,iie  principles,  diarae- 
•  .v.''f*»     f    >   >  -.  '  ters  of,  333. 

t^etable  compounds,  proportions  of  tht 
^—  »:    ^  elements, of flfteen^3djs. 

cofopqiiiid^,  atomic  constittttioti.  of,  (iq  tables),  444. 
Oswailiva,  f rom  irW  obtaiiied  and  bow  disU^^qjsliedi  307. 
l^riii^K^*  lw>w  4i8^i^ui^M,  70. 

osi#e  of,  how^distTnguished,  IfO, 
-.  5aV^«^AU^j;»t<)r  ascertain  the  presence  of,  81. 
0an4i€j  nataUic,  to  asceHainfth^  nature  of,  and  to  what  diri- 
;   lol    ii,:9*m f^^f^eloBf^f  1X4. 

meiajlic,  aniBysts  of  a  compflcatad  mixture  of,  121 

^-» .   >f atW^HK Unalyab  of >  by  heat  only,  139. 

.^'ot  ^»*<^r,   .     140. 

Xbl^b^d,.  ,       ^cid,     .     141. 
fetmedby  the  action  of  nitric  acid,  442. 


\ 

/ 

( 


Oxides^  metallic,  formed  belov  a  red  h^,  14^*  -     '    ^   ^• 

i8od#roi48  and  rediiclble  by  heat  below  red- 

.not  reducible  by  %eat,  with  oc  without  ear- 

bonaceoQj^  matteKy  114. 
redacible  with  carbonaceoasji^fttter,  119.- 
to  aicartain  the  quantity  of  oxygei^iB,  140, 

141,  142,  143. 
which  .djsaplFa  io  water,  tmmt^at^  114. 
nonmetallic,  names  of,  113.  ... 

to  a^certaifi  tber substances  to  admixture 

,   -  ,<^f  H3. 

precipitated  from  water,  alkaline  and  acid  mcdistnta, 

by  the  nmitiialactiicMi  ^11  each  other,  names  of,  496. 

soluble  in  solutions  :<%£-,  p^taftia  aad  soda,  names  of, 

less  soluble  in  solutioni  \.of  potassa  and  soda,  names 
of,  426. 
(^jry^eit,  how  distinguished,  j$«.    .     , 

la  the  most  ^ovplieatoi  nix* 
tuTe,.iO« 
in  mineral  wa^,  to  asoertata  the  quantity  of^  SStX.- 
l^a//<N&a/ff,  how  distinguisbed»  64.     ..--.:     -  \ 

in  an  alloy,  to  asi:ertain  the.  preaence.of^  7&  ^ 

hihydTwrei  of,  how  distiiiguidicdy»8» 
:p  %f.'  1'  *»-^'j     '  '  :  jMW.djitUigiiislifidiin  a  compli* 

....  .,    ..f  ..;  1    ,-.>•      J    jy*al^ai*.of>48.  '.  ;• 
hjdru|<^  o,f,  hpv  .distinguished^ .«.  • 
.    . .,  analysis  of,  47.. 

oxide  of) .how  diftil^isb^y  il^«    .' 
Pko9phuret$^  aqa^sis  pf , ;).  1 1 .         ,  ^  o  -. 
Picromelj  from  what  obtained  and  ho«@di(tiiigiiialied,  307. 
Picroio^mfiy  t ,      #     -  •n' £11?^  i£  •  •        •        2S8« 


ft 


mmx* 


4/»9 


PkUmttj  how  distingnishedyTl'.  '    '-.'..,. 
anatjsis  of  s^iM^y  tonUi^btf^  85; 
'     in  an  alloy,  to  ascertaita  the  presence  o^  83. 
silver  and  copper,  sisfay;  of  an  alk^j  of,  106. 
gold,  silver,  and  co(>per,  assay  of  an  alloy  of,  107. 
Ptf/irmii,  nature  and  properties  of,  S]^« 
Pnl^ehfrdUe^'  •  ■  -.  -    •  %7> 

Pt9tai9fi^  ia  legetabies,  method  of  discoTerlng,  290. 
'  animtmiiate  of,  how  distingmslMd,  202. 
antimootte  of,         .  >  -    •        *•     303. 
Potasiiumy  how  distingoisfaed,  6U    ^ 

aiwlysis  of  an  aUoy  containing,  74. 
PreiT^Mtofe^j-ptecaations  4o.be  obserfed  with,  I.' 

colours  of,'thf^wn  down ^b/ ferro«>hydrocyanate 
.  of  potitsa,  522.  ' 

colours  of,  thrown  -tlown  by  hydrocjwiate  of 
•      potam,  ^2; 
metl^>d  of  washing,  2*  '. 
diyingj2;.     -^ 
Piirptir>tfirf ,  how- distiagoif  hedy  313.   ^ 
Pyromucaiesj  ^    •     «  •     -2$3.  • 

(2iia<iia,natore  and  properties  of,  ^M.     ' 
Resins  J  general  properties  ^  206. 
i2Ao(&i»i,  howdisili^gttished,  73s«  '    - 

.  in -an  aUoy,  t<>;te^ttaiii  the  presence,  82.^ 
Salisy  CQOipa^iUe,  4d7«       y  '  / 

vHc   distingnshing-chamct^fs^  of,  formed  by  the  nnion  lof 
a  vegelible  aoid<with  pote888^3t9. 
distingaishkig  cbamctem  of,  formed  by  the  anion  of  a 

TegetaUe  add  wiUi  barya,  32^.  r 
distingaishing  charveters  of,  formed  by  the  upion  of  a 

vegetable  acid  with  lead,  39^. 
general  characters  of,  and  to  what*  chapter   they. 
bei«^,?Mi9*^/{  i. 

mineml,  to  aAi^rtain  the  nature  of,  197. 


;fo/^y mineral, utmet  of,  1PT«  -. '       V^  -*   ^i^   '/^rf      -    • 

vkM  dp  Ml  ttkmefm  'fl^  ptilfiHiric  acid, 

tp  asccjrtaiu  jbb»  nMlQr  iaf  np^sMiij^ioto^  4ti, 

capable  of  4apBfip«l^  rHAt^  iiPflf«i»  ef, 

decomposed  by- c^JWftlMf^il^ABal^lil  of9^19« 
the  quitftt/ «!:  iirU..k^  4>nip9fiiiQM$ite  nU^  ibo 

oxjrg^  19  ilio  base,  914. 
to  as<:ffltftia  A^^9m(fitmHmk;Mfj^  .f«i)ciilsi<* 

tiomfl4.\  -r.     u 

t&ble  or^#i{4aMttl<Mi>^/im.  t'  ^  -^  i  ..  v 

'  feble  of 'tbte'AolttbilUy  of,  in  ^mier,  4S9,<e|  teq . 

Yegetahle  aiid4wi)iialy  t<flueeMki^4to'L|^  ef  cfys^ 
t«|liziiitioQln,'tl4;   '  '     ^  ,  J   M^  V;  •  .tiAjft*    — 
SarcocoU,  aatAfe ^»<i;yiiyoi«i»^g'^t^>^  ''^^'^ 

Seienmmy  how  disUiigulsbmi,')^.  ^  *?  **  «  -  ^- ''^: 

.S^d//i/ite,  nature  aiufpM^le»  of,  988i.  v^^     "^ 


I      '•"*!•■ 


&lm^  analysis  of  awiiiAu^  (otitaJalii^,  131,>iMli»i^'^ 
SUicum^  oxide  of,  how  disUrtg<^Wrtlipi%4fv  '  ^osi  A.^\tA  { 


6t/:?<?r«  how  distinguished^  t68. 

analysis  of  an  alio/ «antainittg,  «Sj^«4, 85, S^&4^9^. 

aad  lead,  assay  of  an  Hlkiy  ©f^  97; 

f«4dii»rfl^bp|>tff;  j«^ay^f  Ai^  Wlojr  of,  10J>. 
platina  and  copper,  ^        i         lOP. 

pjftttna,  ^4  azi#  ^oj^dr;  ;        •        107. 
SbcTa,  eauMi^  test  for  ^i^,  %• 

hypophosphite,  how  distin^pished,  902. 

phoslp'hdte  «f «   .  V      .r      '  .         *    fM. 

fiiospfaite  of    .         •         •        V  ^9M. 

'    -  s«A$|ii«fteW  •  •;'    •-  -i'    ■ ';  '■  "'^'.    «04. 

\^6«Qbi^j  faow^dlUliiilditai, ^^     • 

analysis  of  an  alloy  coittainibg^^4. 
5'o^ioit^  how  fiffiseted,  t.  * 
Simck^  Mtttre  and  properti^  of  ,  t93« 
'Steffritiy    .        .        *        -        310, 

general  composition -df^HM.  ^'> 

pr^fimiiiary  opoMlowi,*l»^e^al)r^  of,  134. 

to  ascertain  the  pretence  of^wtiyiMitn^  130* 

Stfontta,  aoalysUr^pl^A  mu^iM  ^ontftmiDg,  139,  IM. 

ttoUoo}ofth«^<btowi^«oil^jWW«^>  .^     . 
i^^/offliluM,  how  distinguUhed,  0t» .  ■ 

Sir^chrU^  from  what  o)xiM0i9iA.yMi^^B«m 

properties  of  :th^  falts  of,  42fi«         . ...     ,..,  ..  . 
Suber^  nature  a«d  propertifi^j, JW9^ 

5ti4pA^e#,vhow\dManir||^  lj9(U  

in  miftfral  wi^ters^  names  of^  910. 

toBscert^  the  presence  of^  918. 
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INDEX. 


^> 


5u^iif«f^  how  distinguished,  198.  *      >• 

•  Sufyhury     .'       *         .         .67. 

ini  ffulpfaarets,  proportionate  fb  the  oxygen  in  oxide*, 

i09.  V 

and  arsenic^  mode  of  separating,  42J/ 

Tonlflj/tfrn,  oxide  of,  actioa  of  the  blowpipe  on^  583. 

7lpflW-iw«^,M^diitii^g«isW,67',.       u.      ...  {.     ' , 

in  an  alloj,  to  ascertain  the  presence  of,  79.. 
oxide  of^  actioa  'o(the-V|Qwpipe  o<i,  385. 

.  Thermo^ti^rB'if^f^  to  reduce  the  degr^ea^tpj^^  scale,  4(3  f . 

Thmimm^  oaEido  oi^  how  di4tidi|i^hcicl^  1  ijS.  . 

•a1t8ibi»f,,fmifiar«d  with.. tte  salts  of  zirconium^ 

Tiny  how  distinguish^  p^^. ,     ;  . 

«ikl£^iQf ,  JkfMi!  dbtif^ttiahedy  1 19. 

action  of  the- blowpipe  op,  388. 
VMliysis  »f  .aii^l«y>  Gontainiog,  83,  84,  85,  88^  90,  91,. 

.  fi3|4>^. .:  '. ,r 3^. .  t,  .;  ...     . *_    '   '■  ^^' 

TWmIUjjI^  hotr  diitingnilAttd^  72*^ 

oxide  of^  how  distinguisibed,^  111. 

V'    V '     /oEticui  iof  Jtha  blawpipe.  on,  383i. 

in  an  alloj,  to  ascertain  the  pt<es6nce  of,  8^ 
TriturfKtiony  how  i»d^ibnif6^ 'Iv      ...  ,      r 

7lEin^#if«rfef,  ho«r  dMhl^iAhed,  201.        . 
Tungiten,  ^%'       :    -^;.^.^  ;'    70. 

in  an  alloy,  to  ascertaia  thefMr^^u^e'bf,  81» 
Uiminy  natar#  and  properfii^  of,  287.       '     *^  "  .    ' 

l7/'^»tu»i,^  how  distinguished,  65. 

in  an  alloy,  to  ascertain  the  pretence  of,  SO. 
oxide  of,  how  distinguished,  191.'  ' 

actidaof  the  oiowpipe  on,  384. 

Vapouriy  contained  in  gaseous  mixtures,  25. 
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Faptfury  aqueottS)  to  ascertain  the.  pieienee  ofy  95.  - 

Ditrojns  e<^d)V'y.        •        «  >     v^  ..     »  i6v   .... 
of  alcoboly  '  ,^  p'l  .    r    .     •        *    .     .,  2(J,  - 
•■  ofethe^^^   .,*v:,...J     -   ./  •   ',  .  •    .>,.!?5.  .  •:     -  • 
hydrocjraiiic^  •         .  ;;.    .      .  ♦.       .,26:      - 
in  gases j  its  quantity  howjcalCuloted^ .  ^« 
mode  of  skewing  the  tension«of,  (note)  -2(S» 
of  carbon,  method  of  calculating  its  Tolume), 33, 
Fauquelme^  from  wha^t  ohtainet))  and  hosr  distingitishc^,  t90, 

*■  4S8.      ■   /' 
fVaier,  action  of,  e«  alloys,  74,  75. 

oxygenated,  fiBAQfe-aad-^foperties  of,  163,  417.   * 
IVatert^  mineral,  substances  fawtd  in,  319,  et  seq. 
^     '     divided  into  foiie  classes,  1 1 8, 

distinguishing  characters,  and  to  what  diap- 

ter  they  belong,  867r 

from  the  hot  sprh;^  ait  Bath,  analysit  of, 

«S7.      . 
general  formula  for  the  analysis  of,  959. 
insoluble  in  water,  k  soluble  in  water,  931. 
to  ascertain  the  aaturft  of  the  Subslaiures 
.  found  in^  318.  >         . 
to  ascertain  ihe  natiins.Qf,  insoluble  in  water, 

995^  ^  *  /».     * 

to  separate  theggses-in^Sftl*    •« 

lolju}  iijg^^ieats  jn^  995. 
▼iew  of  tl^^  composition  of,  in  tables^  444*. 
sea,  an%\y^s|^f,  %^l.  :     .  t  o     >  > .    .^  ./ 
W(ue^  nature  and  property?  of,. ,^4,  .    ^  ,,.,,^.,    ,.,  .. 

Weights  and  measures j  table  of  French,  450. 

corre8pon4en/ce  between  English  and 
foretgji,  451. 
Wodan  pyrites,  external  characters  of,  415. 
IFbi/aiimm,,  ua,tare  and^roperttes  of.  414:  - 

Wovd^         .•..,*     998.   . 
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Yeliam,  bittejrfrUUliplffy  mIrm  tiid.iH»^ti*s  «£^  W8b 
TUria,  analyilt  of  a  mixture  coutakif  ftg, .  1  Sij  in. 
YUrhuHy  iiX\4^oi^  )iowdi$tiiigaiBlie4|  115. 
kinc^  liow  didlkgiwftlie^  9^\ 

\a  analfdjr^ to  tkrw  the  pvpaeacp  of)  Ml    . 

aaalysw  tff  a»  tS^^^ttrntlfAtif^  64^>  ilj^  fl^  M1^. 

oxidb  of^  aclioU'eS  tl^e  bl#vi^prpe  «!r,  5391^^.^  ^  ^^.  ^ 
2£rcoi7«r,  amrlysiv  of  a  Mixture  «oiit;!^itraf^'*f^^>^ll9ti' 

aial W  af,  ewrif^aiW  with  !«ltl.<if  tl^jri)?.^^  ji       '\ 
Zirconium,  oxide  of^  hdw  difttingnished;  lltif."^  ^*  ^  -' 
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J  J 


lin4  3  ffoip  6pttoin,  for'  _^*  •    read  ^  v'*- 
.  line  8  frdiA'tVoftoni,  fir  Xtfg  read  S?t,   ' 


J'-.' 


t 


;   c  >  i  *     u' 


/,J.    «   )i'  Si- 


V     f    *  lii" 


is,  liu^ 9  froia  bohaip,  for  batpief  i?ea<i  *€*«(«<. 

lioe9from  b^roniv^«);.4M^rcJ4.0«^    /     -*    >       »'    .     * 
15,         for  /«(/iM  react  divhlok, 
21 ,  line  1 1 ,  for  59  read  50. 
Sly  last  line,  for  .4570  read  .4670. 

55,  line  9  ftrom  bottom,  for  (•~^-)  read  (  SM/). 

74,  for  tectum  read  ditfisiom^ 
III,  ^note)  line  3,  from  bfJttom,  dele  rif/Jbr. 
1 1 4,  line  8,  for  divitnm  read  MOim, 
131,  (note)  list  $  from  boctoift,  for  im^  At  StkkMditsA  mm^  not  H 

133,  Iiat4  iuMkhtfttom^  for  ii^^  a^ jdMN read  ^mI  thm  h  a  t^u-^ 

1  $8y  ^le  iylbr  tptalfy  read  ^j^mo/. 

IM-yliiiif  ^Mgt9fi  rdstd  seaha, 

ttfir,  IM  16,  for  27.38  read  l9.7Sr. 

f«i,  Hne*  17,  for  12.69  rc^  33.75. 

1 71,. line  6  from  bottom,  for  5.4195  read  6.3925. 

174^  line  8,  for  ekiwrint  read  ekhrUe. 

110,  line  2,  for  4  (twice)  read  •4» 

1$5,  line  90,  for  850  read  .85a 

196,  line  4  from  bottom,  for  tkeaHrate  read  tkepiMnfity  tfrntrmiu 

996,  line  20,  for  exfurimjtnt  r^ad  expenntenU. 

304,  for  i&wiw  the  third  read  division  tlu  second, 

31 1 ,  for  diwion  the  fourth  re^d  diviticn  the  third, 

823,  line  19,  for  ealcinatiau  read  eaUmlatUn, 

360,  line  20,  for  M«r#  lead /JWe. 

376,  (note)  line  5,  for  ei%e  read  eine. 

404,  Ijne  9  from  bottom,  for  jtotassa  retd^jfitUisiwm. 

413,  Ime  9  from  bottom,  dele  alfo, 

43 J,  line 6  from  bottom,  for  strychnine  read  $try§hm» 
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